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EVAPORATION AND PLANT-TRANSPIRATION. 
By WALTER MAXWELL. 
Received April 12, 1808. 

HE data which largely compose this contribution were 
obtained in the course of observations bearing upon the 
factors which enter into a system of rational and economic irri- 
gation, and in connection with the study of certain practical 
questions that relate to land irrigation on the Hawaiian Islands. 
These data, however, have also a more purely scientific value, 
and may have an interest for those who are more exclusively 

engaged in physiological investigations. 

The actual purpose of the observations which these data repre- 
sent was to try to determine: first, the loss of moisture due to 
direct evaporation from the soil; and secondly, the relative pro- 
portion that escapes by transpiration from the sugar-cane (sac- 
charum officinarum) during different periods of growth, and to 
note the meteorological and other factors which appear to con- 
trol these phenomena. 

The observations on soil-evaporation and plant-transpiration 
were made as follows: A given weight of the particular soil was 
put into two tubs, exactly 125 pounds into each tub. The tubs 
had perforated bottoms, over which a piece of linen cloth was 
laid before putting in the soil, in order to prevent the soil drop- 
ping through, or blocking upthe holes. When filled thus with 
soil, the tubs were each set into a galvanized iron pan contain- 
ing water, the water being kept up to a given mark or level, 
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which level was the point of contact between the soil in the tubs 
and the water inthe pans. The pans were most carefully cov- 
ered with moisture-proof glazed oilcloth, to prevent any evapo- 
ration from the pans except through the tubs containing the 
soil. When the tubs were set in place, water was added to each 
pan by means of a funnel that was inserted through the water- 
proof covers, and in sufficient volume to saturate the soil, whose 
absorptive power was 48.2 per cent. on its own weight. This 
was done on April 15, and on April 16 three pieces of seed-cane 
were planted in tub No. 2, whilst in tub No. 1 no cane was 
planted, the latter having to record the escape of water by 
means of the soil, and No. 2 tub the loss by means of the soil 
plus the growing cane. 

The tubs were placed upon a veranda, having a south expo- 
sure and a strong light, but as they had to be protected against 
rainfall they were so located that no direct sunlight fell upon 
them. Near by the tubs, temperature readings were taken. 
The maximum and minimum thermometers gave the extremes 
of temperatures, and the dry-bulb and wet-bulb thermometers 
the indications of ‘‘ humidity in the air.’’ 

It has commonly been claimed that temperature and the 
‘‘ relative humidity in the air’’ are controlling factors in evapo- 
ration. The writer, however, has believed not only that there is 
not necessarily a constant relation between temperature, atmos- 
pheric moisture, and the water given off from soil and water sur- 
faces, but that there are other factors whose individual action 
exceeds the united influences of the factors already stated. For 
this reason we decided, at the time of taking the temperature 
and humidity readings, to determine the actual evaporation, by 
use of evaporators. The form of evaporator used was a small 
galvanized dish, one inch deep, and having a superficial area of 
120 square inches. The evaporator was placed between the 
dry- and wet-bulb thermometers, thus having the same protec- 
tion against the sun and exposure tothe wind. At seveno’clock 
in the morning 500 grams of water were weighed into the evap- 
orator, and at the end of twenty-four hours the weight was 
retaken and recorded. The water was made up againin weight 
to 500 grams, proceeding thus daily over the whole period of 
time included by the experiment. In addition to the evaporator 
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described, a second one, in each item exactly identical with the 
former, was used. This second one was placed ina barn. The 
large doors of the barn were kept open day and night, thus pro- 
viding an ample circulation of the outer air, but no violent wind 
disturbance or sudden movements of the air. The purpose in 
this case was to have the corresponding conditions of tempera- 
ture and atmospheric humidity surrounding the former evapo- 
rator located thirty feet distant, with the exclusion of the factor 
of wind. The data furnished by the two evaporators were taken 
and recorded in the same way, with the corresponding thermom- 
eter readings. With this brief description of the mode of obser- 
vation, the data are now given. These are numerous and 
occupy considerable space, but the full statement is necessary 
in order to observe the wide range of variations. Two state- 
ments could be made with some advantage, from the data. 
The soil-evaporation and the transpiration by the cane, however, 
are so bound up with the meteorological conditions that we pre- 
sent it as a whole: 





5 a ° zc) 
S =5 - o i g 5 
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Q AU O06 me = Qs Ka 
Cane 
planted. 
Saturated. Saturated 
cc. cc. 
April 16 74 27.6 78 10.4 76.3 reer 
> 76 27.6 79 10.6 73.8 1000 1000 
ae 75 32.0 80 13:2 90.4 800 800 
36 76 34.0 80 13.0 73.8 1000 1000 
96 76 37.6 79 14.4 76.3 500 500 
oa 76 36.6 7 13.4 76.4 200 200 
ie) 2a 75 31.4 80 14.0 76.4 500 500 
“ 75 32.0 79 12.2 73.8 7 700 
"2h 74 33-4 77 13.0 73-7 700 700 
On 72 2:2 76 10.6 78.9 500 500 
75 30.2 78 II.2 76.3 700 700 
75 27.0 76 11.2 78.9 500 500 
76 32.2 78 13.6 76.3 500 500 
74 29.2 79 12.6 76.3 7 700 
75 582 77 11.2 81.7 500 500 
75 35:4 78 12.2 78.9 500 500 
72 28.4 76 9.6 78.8 500 500 
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Cane 
planted. 
Saturated. Saturated. 
ce. ec. 
May 3 72 34.2 ij 11.8 78.9 500 500 
‘4 75 382 79 126 73.7 500 500 
5 75 29.2 79 11.4 78.9 500 500 
“ 6 77 354 79 132 76.4 500 500 
“7 75 344 81 13.4 71.5 500 500 
ne. Se 71 19.2 78 6.8 78.9 500 500 
oo 7 $7.2 79 II.0 76.4 500 500! 
6 73 25.6 80 10.0 81.8 300 300 
ees 75 27.2 83 12.6 79.1 300 300 
‘ 32 73 22.2 79 10.6 76.4 300 300 
i. 3 75 25.8 80 12:2 71.5 300 300 
aa | 76 22.2 80 10.8 79.0 300 300 
ag 74 23.0 77 9.0 84.5 300 300 
39 7 11.0 78 4.2 87.4 300 320 
iS) ae: ia ere wae 6.0 84.6 S.E. 300 330 
65 77 25.2 81 II.0 79.1 N. E. 300 350 
i | 32.8 80 12.6 79.1 es 180 200 
20 77 31.3 82 13.2 76.6 rs 220 250 
21 75 33.6 80 13.0 76.5 x4 180 200 
22 75 29.0 79 10.6 93-5 ‘ 220 250 
23 75 30.6 78 11.6 78.9 = 300 310 
24 76 26.2 81 12.0 76.5 " 300 310 
2 76 27.0 80 11.6 79.1 a 340 350 
. 2 73 27.2 80 42:2 76.7 as 350 360 
«3 71 5.6 79 9.6 81.8 S. E. 450 500 
oS Be 76 30.0 81 12.6 76.6 E. 500 550 
ay 79 31.6 80 12.6 79.1 S. E. 500 550 
ag 7 35.2 82 14.0 79.1 E. 300 310 
3I 78 30.2 82 14.2 76.6 “ 300 410 
June I 78 34.6 83 14.6 76.6 “s 400 450 
2 2 78 30.2 82 12.0 87.6 S. E. 350 400 
sz 3 78 24.0 81 II.o 79.1 e 450 500 
” 4 76 30.0 81 13-2 76.5 N. E. 550 600 
5 75 21.0 79 9.2 81.8 S. -B; 450 500 
- 6 75 24.8 80 10.6 81.8 he 400 500 
” 7 75 24.0 79 9.6 79.1 N. E. 400 500 
ne 8 76 24.6 80 10.0 81.9 ne 400 500 
“ 9 | 26.2 80 10.8 79.1 “ 400 500 
1 The cane began to come up and twelve stalks were up by May 21. 
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1897 
Outdoor evap- 
oration. 


Date 





d. 
d. 
June 10 77 28.6 
i 76 23.0 
I2 77 27.6 
13 77 36.6 
14 7 27.2 
15 78 29.0 
16 7¢ 31.0 
17 78 28.2 
18 78 30.0 
19 78 26.0 
20 7¢ 222 
21 7 16.2 
22 74 12.6 
23 75 9.2 
‘ joa 73 6.0 
25 77 13.4 
‘ 26 75 5.6 
27. 76 13-4 
28 76 13.0 
© 29 74 13.0 
30 80 31.0 
July 1 78 25.0 
“ 2 77 23.0 
Zz 78 30.6 
4 80 32.0 
5 80 31.6 
6 78 23.0 
ss rs 78 27.6 
' 8 77 23.6 





© 





Mean indoor 
temperature. 


81 
80 
79 
82 
81 


82 


81 


Indoor evapo 


ration. 


12.0 
9.2 
10.0 
14.0 
15.2 
II.0 
12.0 
12.0 
12.2 
#22 
10.6 
8.2 
g.2 
6.0 
4.2 


4.4 
9.6 
9.0 
8.0 
10.0 
12.0 
9.0 
11.2 
55.2 
12.6 
9.8 
Ii.2 
9.6 


Humidity. 


81.8 
81.9 
81.9 
79-2 
81.9 
81.9 
84.7 
84.6 
87.5 
96.7 
87.6 
93-5 
84.7 
82.0 
84.7 
79-3 
76.7 
7°5 
81.9 
81.9 
74-3 
84.7 
84.7 
84.7 
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Direction of 


wind. 





Evaporation of 


soil No. I. 


Cane 
planted. 
Saturated. Saturated. 

cc. ce, 
400 500 
450 500 
400 500 
400 500 
400 50 
400 550 
400 500 
450 550 
400 550 
400 550 
400 500 
400 500 
400 500 
400 500 
200 400 
100 300 
100 300 
100 300 
100 400 
200 400 
200 500 
200 500 
200 500 
200 500 
300 500 
400 600 
400 600 
500 700 
500 700 
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— ra e 1 ° ° = 
2 of gg . 3 Sa 3 3 ES § oe 
Q 2G 06 as «Ae x As’ Ho WZ 
Cane 
planted. 
Saturated. Saturated. 
ec. cc. 
July 19 78 23.0 81 10.6 81.9 E. 400 700 
BS = 20 76 23.0 81 10.0 81.9 N. E. 400 700 
He Er 79 27.6 83 13.0 74.1 E. 400 700 
ve 78 25-4 82 12.0 74.0 " 400 700 
ao 52% 79 29.0 82 12.0 76.6 ne 400 700 
4 ae 79 29.0 84 14.0 Ti:7 * 400 700 
> as 79 20.6 84 11.2 Ve | 3 400 700 
‘<6 80 28.0 83 12.2 74.2 us 400 700 
ane 79 28.8 83 3-2 74.1 400 700 
MS gs 79 32:2 84 15.2 76.7 ne 400 800 
“ a 7 25.2 83 12.0 76.7 - 400 800! 
“¢ 30 77 26.0 84 12.8 76.7. E.S.E. 400 800 
aan 7 31.0 84 14.0 76.7 E. 400 800 
Aug. I 77 24.2 84 12.0 76.7 sig 400 800 
ot 2 76 17.6 83 11.6 79.1 S. 8. 400 800 
s 3 79 18.2 85 11.0 76.7 a 400 800 
ae 4 80 23.0 86 12.0 76.8 E. 400 800 
4 5 7 23.6 3 I1.2 79.2 rf 400 800 
6 7 32.6 83 13.8 76.7 eS 300 700 
ri 7 77 31.0 81 12.2 81.8 . 400 700 
a 8 78 30.2 81 12.6 76.5 N. E. 400 800 
ol 9 79 31.6 84 14.0 91.9 ee 400 800 
i “30 79 26.2 84 13.0 ah.7 E. 400 800 
ig 7 29.2 83 3252 ar.7 e 400 800 
oe 2 79 23.0 3 10.8 79.1 " 400 800 
aa 80 15.0 83 ve 84.8 RS 400 800 
ee | 80 25.4 84 ti.2 82.1 i 400 800 
rt 28 79 26.6 82 12:2 71.6 ee 400 800 
‘36 77 31.2 83 13.4 713 ee 400 800 
‘ 47 78 26.2 81 12.0 74.0 a 400 800 
‘*  a8 79 32.2 84 12.4 rity so 400 800 
a“ 15 80 33.0 83 13:2 74.1 si 400 goo 
iS 490 79 26.0 83 13.2 71.6 RS 400 goo 
et 78 26.0 81 13.0 74.0 ae 400 1000 
oo ae 78 26.0 82 12.0 74.0 “8 400 1060 
oe ngs 81 33-4 84 15.8 69.3 ee 400 1000 
«ge 80 29.6 84 14.4 74.2 N. EB. 400 1000 
t One stalk of cane died. 














Date, 1897. 
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At this date, and for reasons to be explained later, nitrogen 
was applied in the form of sodium nitrate, the application being 
made by putting roo grams of the salt into the water in the pan, 
The effect of this application 








: 
" 
/ 
7 
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4 
3 
7 
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x 
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~ 
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a7 
= 
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30.6 
26.4 
25.6 
26.0 


30.2 
28.2 
25.0 
21.0 
IT.4 

8.2 
23.2 
29.0 
31.8 
31.6 


Mean indoor 
temperature. 


Indoor evapo- 


ration. 


14.0 
12.6 
13.0 
12.0 
14.2 
13.6 
14.0 
12.0 
11.6 
13.6 
13.0 
13.0 
II.2 
12.0 
11.6 

9.0 
10.6 
14.6 
12.0 
10.2 
10.0 
11.8 
II.4 

9.6 

7.0 

5.0 

8.6 
10.6 
12.0 
10.6 


which was taken up by the cane. 


of nitrogen is seen in the increased activity of the cane, whereby 
a greater transpiration resulted, the evaporation in tub No. 1 


remaining constant. 


Humidity. 


74-1 
76.6 
74.2 
76.7 
71.7 
71.6 
67.0 
74.0 


84.7 
71.6 
69.3 
79-0 
76.5 
71.5 
71.6 
78.9 
81.7 
90.4 
81.8 
79-1 
74.0 
76.6 


Direction of 


wind. 
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Evaporation of 


soil No. I. 


Saturated. Saturated. 


ec. 

400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 


4. 
“I 
on 


vaporation of 
soil and cane 


E 
s 
No. II. 
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Date, 1897. 


i) 
be so és se oS 
eS a fue 
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i 
® NHN KN ND ND 
0M ON AM 


OOMON ANAW WD 


*. 30 
SEE 
= 59 
«73 
‘ 14 
«45 
356 
“a7 
ee | 
“Ig 
oP eee 
62 
“293 
‘ 24 
‘ 25 
736 
“99 
a 35 
“29 
“30 


Mean outdoor 
evaporation. 


75 
76 
75 
76 
75 
76 
76 
78 


Outdoor evap- 


oration. 


32.2 
34-2 
29.2 
22.6 
26.6 
34.2 
3.6 
32.6 
30.2 
23.6 
14.6 
14.0 
15.8 
25.2 
24.0 
14.0 
13.0 
II.O 
25.2 
31:2 
29.8 
32.6 
25.6 
19.6 
332 
16.6 
27.0 
31.0 
35-6 
20.0 
10.6 

8.4 

9.6 

8.6 
15.6 
17.0 
26.0 
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80 
81 
79 
79 
79 
79 


80 
80 
79 


79 


79 
79 
80 


1 Second stalk of cane died. 


2 Third stalk of cane died. 


IT.2 
12.0 
II.4 
10.0 
52:2 
12.6 
12.0 
II.O 
11.6 
II.O 

8.2 

9.0 

8.0 
10.2 
10.2 

8.0 

8.2 


9.0 
1I.2 
13.0 
11.4 
10.0 

8.2 

9.0 

8.6 
10.0 
10.4 
12.0 


6.6 
5.6 
6.6 
6.6 
7.0 
8.0 
10.2 


% S| 

7q Sag BZ 
s 5 S = 
se AB wg 
cc. 

74.0 W.-B. 300 
73-9 ss 300 
74.0 im 300 
79-1 P 300 
79.2 S.v. N. E. 300 
76.6 es 300 
76.6 N. E. 300 
76.6 . 300 
76.6 ah 300 
74-1 a 300 
76.5 S.v. E. 300 
81.8 Ss. 300 
79-1 300 
76.6 S.v. N. E. 300 
74.3. N. E. 300 
82.1 . 300 
79.1 S 300 
81.9 ss 300 
81.9 S.v.N.E. 300 
79.1 N. E. 300 
79.1 55: 300 
76.5 3 300 
76.5 o 300 
76.5 x 300 
79-0 4 300 
79-1 i 300 
79-1 35° 
79-1 ‘3 359 
74.0 y 350 
81.9 ss 350 
87.5 Ss. 400 
87.5 350 
87.6 N. W. v. S. 350 
87.5 S. 300 
84.6 S.v. N.E. 300 
81.8 N. E. 300 
76.5 = 300 








Cane 
planted 
Saturated. Saturated. 

c ce 


800 
goo 
goo 
I000 
1200 
1500 
1400 
1200 
1200 
1200 
TOOO 
1000 
1000 
I000 
1000 
1000 
1000! 
1000 
1000 
I000 
I000 
950° 
950 
95° 
I000 
I000 
1000 


IIoo 
1200 
1200 
1000 
1000 
goo 
800 
700 
600 
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At this date a second application of 100 grams of sodium 
nitrate was made, it being observed that the vitality of the grow- 
ing cane was decreasing, which was indicated by its yellowish 
appearance and by a falling off in transpiration. The evapora- 
tion from the soil in tub No. 1 still remained the same. 








3 wig : 
> 85 o 2 
S a a B=} > > = 
ra es = = = = 
. S85 s% §3 = 2 
S Ze Gs og 5 & 6 
A os a8 && = fe EZ, 
Cane 
planted. 
Saturated. Saturated 
ec. cc, 
Oct.- 31 75 24.8 81 10.0 76.5 N. B 300 700 
Nov. I 77 29.6 7 II. 76.4 “ 300 goo 
oi 2 72 30.0 7 10.0 78.9 “ 300 1000 
_ 3 68 32.4 74 9.0 81.6 2 300 1000 
4 76 31.0 78 10.6 78.9 : 300 1000 
“ 5 i 32.0 7 10.0 76.5 " 300 I 100 
6 78 37.0 79 12.0 76.4 E. 300 1100 
tf > 7 38.0 81 11.6 74.0 N. E. 300 I 100 
: 8 77 41.2 7 12.4 78.9 ) 300 1100 
: 9 7 41.0 7 12.6 76.4 - 300 1100 
; Ce) 74 25.0 79 10.0 76.4 = 300 1100 
; II 73 16.0 77 7.4 78.9 W.v.S. 300 1200 
. 72 15.6 7 8.6 81.7 Ss. 300 1100 
7 72 14.2 77 8.0 84.5 < 300 1000 
14 73 14.0 77 8.0 84.5 S.v.E. 300 1000 
’ I5 72 32:2 77 6.2 84.6 “s 300 1000 
; 16 72 12.6 76 oe 81.6 S. 300 1000 
. 3 74 3.0 78 8.0 87.5 = 300 1000 
*. 73 8.0 77 5-4 3-5 $s 300 goo 
S sg 76 22:2 72 8.0 84.3 S.v.E. 300 800 
“* 2 68 24.0 74 9.0 76.1 N. E. 300 800 
= ae 69 12.2 73 5-6 87.2 *$ 300 700 
22 70 26.6 71 g.2 81.3 “8 300 600 
= 68 25.2 73 g.2 73-5 “ 300 500 
‘S34 69 12.0 93 6.2 84.4 Ss. 300 500 


These data were taken with the assistance of our field assist- 
ant, E. G. Clarke. 

November 24, or seven and one-fourth months from the date 
of planting the cane, the experiment was stopped. The growth 
was no longer normal, due possibly to the want of room for 
extension of the root system, and also in part to the moistness of 
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the soil, which was kept at the point of saturation. At this 
place, we shall remark that, while tub experiments afford the 
most exact mode of controlling certain observations, other obser- 
vations which require a continuance up to actual maturity, can- 
not be carried out in such restricted conditions. Innocase have 
we found a mature and normal development of the cane when 
grown in tubs. In normal growth in the field, the roots of the 
cane are found very many feet away from the stock in their 
search for food and water. 

Before considering further the data bearing on transpiration 
from the sugar-cane, we shall refer to the comparative propor- 
tions of water that were actually dissipated by the ‘‘ evapora- 
tors,’ and the apparent relation of this evaporation to the 
‘*humidity in the air.’’ In order to do this with convenience 
we shall gather the total data together in a table of averages, 
bringing them more easily within view : 

- Gen- 
eral 


aver- 
Memoranda. April. May. June. July. Aug. Sept. Oct. Nov. age. 


Mean outdoor temperature-- 74.4 76.0 77.0 78.3 78.7 76.8 75.3 71.0 75.9 
Mean outdoor evaporation -- 28.5 27.2 22.5 25.8 30.0 24.3 23.5 17.3 24.8 
Mean indoor temperature -. 78.7 80.3 81.3 83.0 82.4 80.6 78.8 74.1 79.9 
Mean indoor evaporation--- II.7 II.3 10.1 I2.I 12.5 10.0 9.2 7.5 10.5 
Mean humidity in the air -.. 77.4 80.2 83.6 77.3 73.8 80.4 80.1 83.2 79.5 

If the ‘‘ mean indoor evaporation’’ is considered with the 
‘‘mean humidity in the air’’ it is apparent that there is a very 
clear and strong relationship, although this relationship is not 
always in a proportional ratio. The relationship is not so defi- 
nite between the ‘‘ humidity of the air’’ and the ‘‘ mean outdoor 
evaporation.’’ A corresponding relation is seen between the 
‘‘mean indoor temperature’’ and the ‘‘indoor evaporation,”’ 
which is as definite, and equally constant, as the connection be- 
tween the evaporation and the humidity of the air, indoors. 
Notwithstanding these relations of the humidity in the air, and 
of the temperature, to the evaporation, the great difference be- 
tween the ‘‘ indoor’’ and the ‘‘ outdoor’’ evaporation indicates 
that there is some other cause of evaporation whose potency 
supercedes the combined controlling actions of temperature and 
atmospheric humidity. This is set forth more strikingly by the 
following table : 
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Number Mean Humidity Water 
Evaporators. of days. temperature. of the air. evaporated. 
ee. 
“‘Outdoor’’ or wind exposure 270 75-9 79.5 33,480 
‘‘Indoor’’ or no wind .....-- 270 79-9 79.5 14,175 


From this table it is seen that the ‘‘outdoor’’ evaporator, 
which was carefully protected against the sun, yet fully exposed 
to the wind, evaporated 136 per cent. more water than the 
‘*indoor’’ evaporator, and yet the mean temperature indoors 
was 4° higher than the outdoor temperature, whilst the humid- 
ity was the same. These data confirm a statement made by us 
in a previous publication, that the ‘‘ direction and force of the 
wind is a more potent factor in increasing or arresting growth 
and in controlling evaporation, than small variations in temper- 
ature.’’ 

It is further shown that there is not necessarily anything like 
a proportional ratio between the ‘‘ humidity in the air,’’ as 
shown by the dry- and wet-bulb readings, and ‘‘ actual evapo- 
ration.’’ The factor of ‘‘ wind’’ dominates the combined influ- 
ences of atmospheric moisture and temperature. In the loca- 
tion of meteorological instruments for recording climatic data, this 
has to be borne in mind. 

Moreover, in the matter of practical irrigation, it is seen that 
not only temperature and the relative state of moistness of the 
air, but mainly the exposure to wind, are controlling factors in 
the rate of evaporation, and the proportion of water to be used. 
Consequently for these reasons alone, and apart from the nature 
of the soil, more or less water of irrigation should be applied in 
certain localities than in others. On the leeward sides of these 
islands the temperature is several degrees higher than on the 
windward exposures. The winds from the south, however, are 
little more than prolonged calms, excepting when a sudden 
storm occurs, while the north or northeast winds have a high 
mean velocity, which causes a high evaporation. A recurrence 
to the detailed data already given will furnish ample illustrations 
of these facts. 

Returning to the experiment on evaporation from the soil, and 
transpiration from the cane, in the tubs, we first bring the data 
together in a table of averages. At the head of the table we 
repeat the daily average for each month of the evaporation from 
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the ‘‘ indoor’’ evaporator, in order to note any relation between 
the variations of evaporations from the soil and from the evapo- 
rator. The data furnished by the ‘‘indoor’’ evaporator are 
selected for this purpose because the tubs were placed so as to 
be protected from the wind, thus corresponding to the exclusion 
of the wind from the barn where the evaporator was placed : 


No. I tub. No. 2 tub. 
Indoor Evaporation from Transpiration by 
Time. evaporation. the soil. cane and soil. 
Per cent. Grams. Grams. 
April se eeee see ee eee II.7 15,000 15,100 
May -eeeeeeceeecece II.3 12,290 13,150 
June..... tixeisiete gies ‘SOE 9,350 15,850 
July ee I2.I 12,300 23,300 
AUQUSt -cccceccoees 12.5 12,200 31,800 
September .....----- 10.0 9,400 30,450 
October.....-.++++. 9.2 9,700 30,800 


” 


Between the ‘‘indoor evaporation’’ and the ‘‘ evaporation 
from the soil’’ a relation in behavior is clearly noted. 

During the month of April the two tubs evaporated exactly 
the same volume of water. When the cane began to grow, tran- 
spiration supplemented the evaporation from the soil, and No. 2 
tub commenced to dissipate more water, increasing the propor- 
tion in ratio with the development of the cane. 

A decrease in evaporation from the soil, as in June and again 
in September, has not, during any period, been accompanied by 
a decrease in transpiration by the cane. Indeed, it has operated 
in the opposite direction. In September, it is seen, the evapo- 
ration from the soil in tub No. 1 was 2,900 grams less than dur- 
ing August; the total transpiration from tub No. 2, however, 
was only 1,350 grams less in September than in August. As 
the evaporation from the soil in the two tubs was the same, it 
then appears that the cane transpired 1,550 grams more in Sep- 
tember than in August, although the total loss of water in tub 
No. 2 was less in September than in the preceding month. 
This result is quite understandable. During warm, calm, sul- 
try weather, when the moisture in the air is relatively high, plant- 
growth proceeds rapidly ; and as the transpiration is a result 
of, and in proportion to, the rate of growth, more water can be 
dissipated by the plant under the particular atmospheric con- 
ditions which cause a decrease in evaporation from the soil. 
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We now call attention to one other factor over whose influence 
on plant-transpiration we can have a control. On September 20, 
the cane in tub No. 2 was losing its appearance of health 
and vigor; the leaves began to yellow and to curl up, as if in 
the first stage of withering. Of course there was no question of 
want of water, neither of the need of potash, phosphoric acid, or 
lime, since the soil is very rich in these elements. The soil, 
however, is very low in nitrogen, and it occurred to the writer 
that the growth, and consequently the transpiration, were being 
checked by the dearth of that element. Therefore, on Septem- 
ber 24, 100 grams of sodium nitrate (Chili saltpeter) were dis- 
solved in the water in the pan under tub No. 2, containing the 
growing cane. This was repeated on October 31st, the growth 
and transpiration having suffered a second depression at that 
time. The apparent results of the action of nitrogen are seen as 


follows : 


First application of nitrogen. Second application of nitrogen. 
Transpiration Transpiration 
Evaporation from soil Evaporation from soil 
Date. from soil. and cane. Date. from soil. and cane. 
Grams. Grams. Grams. Grams. 

Sept. 24 300 800 Oct. 31 300 700 
oe ae 300 goo Nov. I 300 goo 
26 300 goo if 2 300 1000 
2 300 I0U0 aes, 300 1000 
Som 300 1200 sia. 300 1000 
= 36 300 1500 erg 300 II00 
30 300 1400 a“ @ 300 I100 
Oct. I 300 1200 ca 300 I100 
og 300 1200 oe 300 1100 
3 300 1200 ele” 300 1100 


A third application of nitrogen was made on November 25th, 
the result of which corresponded with the former, but, as the 
growth of the cane was now being affected by the crowding of 
the root system in the tub, further data did not appear reliable 
enough for use. 

It is seen that six days after the first application of nitrogen 
the transpiration was increased from 800 grams to 1500 grams, 
or nearly 100 per cent. A corresponding effect is noted after 
the second application. In looking back over the data in detail 
it will be seen that these increases in transpiration are greater, 
and more sudden and marked, than any such that resulted from 
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variations in the effects of atmospheric influences. Also, that 
no appreciable increase in the transpiration occurred without an 
accompanying increase in evaporation from the soil in tub No. 1. 

These observations upon the action of nitrogen in plant-trans- 
piration appear to amply support our practical advices sent out 
to the managers of sugar plantations during the period of great 
drought last year. We advised that sodium nitrate should not be 
applied until after rain came, giving as our reason that the 
nitrogen would stimulate growth and cause increased transpira- 
tion, which would result in the rapid and greater exhaustion of 
the soil moisture, and a subsequent collapse of the crop, if the 
drought continued, which experience has shown to be liable in 
districts upon these islands, and for a period of six to twelve 
months. 

Further, these observations appear to support our view, which 
is in opposition to the views of distinguished observers; v7z., 
that nitrogen (and not potash or phosphoric acid) is the vital 
and controlling element in the life and growth of plants. All 
constituent elements are necessary to this growth, but nitrogen 
seems to be supremely so. Our view in this matter rested upon 
the consideration, that nitrogen is a vital and essential constit- 
uent of protoplasm; that protoplasm is a component substance 
of all structural cells, whose development and increase are the 
explanation of plant-growth. All vegetable organisms contain 
protoplasm. The higher forms have this nitrogenous, funda- 
mental substance admixed with large proportions of non-nitrog- 
enous matters; but the incipient forms of life have been re- 
garded as little more than drops of the protoplasmic fluid. 

At the end of seven and one-fourth months the cane in tub 
No. 2 was taken up and divided into roots, stems, and leaves, 
whose proportions of water-free material were as follows : 


Roots. Stems. Leaves. Total weight. 
Grams. Grams. Grams. Grams. 
31.8 53-9 483.2 568.9 


The water evaporated from the soil in tub No. 1, during seven 
and one-fourth months, was 83,140 grams. The water evapo- 
tated by the soil, and transpired by the cane in tub No. 2, dur- 
ing the same period, was 167,250 grams, thus showing that the 
cane transpired, during the period between the dates of planting 
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and cessation of growth, 84,110 grams of water. As the total 
amount of the dry material produced during the period of growth 
was 568.9 grams, it is thus shown that for each gram of water- 
free sugar-cane material produced, 147.8 grams of water were 
transpired. 

It is understood that this experiment is not intended to repre- 
sent what actually takes place when a crop is grown in exposure 
to sun and wind. In the field, evaporation decreases as the crop 
protects the ground from the sun and wind. In these observa- 
tions the soil in each tub was kept in the same state of exposure, 
the cane in tub No. 2 being tied up in order not to shade the 
soil. As the evaporation from the growing crop increases, this 
increased transpiration is in greater proportion than the decrease 
in the soil evaporation. The actual evaporation from the cane 
growing in tub No. 2, during the several months, was as fol- 


lows : 
Month. Age. Transpiration 
Mouths, Grams. 
April «eee eeeeeeeeeeeeees a nawer “ae eoce 
May «++... re Ce I 860 
June .-..--.-. Ceeee reece. cosecese 2 6,500 
July ceaber vee ese eakecanee wanes 3 11,000 
AUGUSt oeeeeecceceeceees eocces 4 19,800 
September senévawe sets eenee vee G 20,050 
October ¢cecses neecemwen weictease & 21,100 


From these data we obtain guidance in practical field irriga- 
tion. We note the relative proportions of water that the cane 
can make use of at different stages in its development. To 
apply the same volume of water at the time of planting, and 
during the early period of growth, that is required by the cane 
of increased bulk and development, incurs a great loss of water 
and of the soil constituents that water removes. The transpira- 
tion-equivalent of other plants differs very greatly from that of 
the sugar-cane. 


HAWAIIAN EXPERIMENT STATION, 
HONOLULU, H. I. 











THE NATURE OF THE CHANGE FRO/1 VIOLET TO GREEN 
IN SOLUTIONS OF CHROMIUIS1 SALTS. 


By F. P. VENABLE AND F. W. MILLER. 





Received May 5, 1898. 

T 1s a well-known fact that solutions of certain chromium salts 

which are violet in color become green on heating. This 
has been especially noticed in the case of the chrome-alums and 
of the sulphate, but is also true of the nitrate, chloride, and 
acetate, in fact, of all the soluble compounds of chromium. A 
reverse reaction also takes place and all of these solutions made 
green by heating become violet again on standing, the nitrate, 
chloride, and acetate very rapidly, the sulphate and alums 
slowly, and often only after prolonged standing, It is quite rea- 
sonable to suppose that these changes are caused by similar 
reactions in the case of various salts, and that there is one 
explanation for all. 

A large number of explanations have been offered by various 
investigators. In fact it is surprising to find how many have 
been drawn to investigate these changes and what an amount of 
work has been done upon them. Perhaps the difficult nature of 
the problem has been the great source of attraction. Fischer' 
and Jacquelain’ have attributed these changes to a separation of 
the chromium sulphate from the alkaline sulphate ; Berzelius’ 
and Fremy’* assigned as the cause of the changes the formation of 
a basic sulphate; Recoura and Whitney’ and Dougal’ have 
considered the true cause to be the formation of a chrom-sul- 
phuric acid; Schrotter’ suggested a partial dehydration, and 
Etard* also thought the change due to an alteration in hydra- 
tion; Roscoe and Schorlemmer’ regarded the green solutions as 
containing mixtures of basic and acid salts; Loewel' advanced 
the theory of an isomeric change. 


1 Kastner’s Archiv., 14, 164. 

2 Compt. rend., 24, 439. 

38 Ann. phys. Chem., 61, I. 

4 Compt. rend., 47, 883. 

5 Zitschr. phys. Chem., 1896, 20, 40. 

6 J. Chem. Soc., Lond., 7896, 69, 1526. 

7 Pogg. Ann., 53, 513. 

8 Compt. rend., 84, 1090. 

9 Treatise on Chemistry, First Edition, Vol. II, Pt. II, 163. 
10 J. d. Pharm. (3),.7, 321. 

















CHANGE OF COLOR IN SOLUTIONS OF CHROMIUM SALTS. 485 


It is quite manifest that any theory like that of Fischer and 
Jacquelain, based upon an examination of the alums alone, is 
quite inadequate. Itis further evident that any phenomenon 
which has aroused so great a variety of speculations as this 
must be considered very carefully with due weighing of every 
known fact. These facts are numerous and important. 


HOW THE CHANGE MAY BE BROUGHT ABOUT. 


Chrome-alum is soluble in six parts of water; the violet solu- 
tion suffers the alum slowly to crystallize out unchanged by 
spontaneous evaporation; but if heated to between 50° and 75° 
it turns green and, according to the extent of decomposition, 
either deposits on evaporation a brilliant, green, amorphous, 
difficultly soluble mass, or ‘‘ yields crystals of sulphate of potash, 
leaving green sulphate of chromic oxide in solution.’’' 

Schrotter says the change takes place at 65°-70°. He further 
states that the crystals of potassium sulphate separate only from 
a highly concentrated solution and in small quantity. Sprung 
has shown, in experiments to be quoted later, that the change 
begins at a temperature under 30°. 

We have repeatedly attempted to secure the separation of 
crystals of potassium sulphate as described by Fischer and 
Schrotter, but without success. The exact conditions are 
clearly difficult to hit upon, if such a separation is at all pos- 
sible. 

Alkaline hydroxides and carbonates, according to van Cleeff,’ 
turn violet solutions of the alums green, and Etard* has shown 
that they bring about the same change in solutions of the nor- 
mal sulphate. Sulphuric acid, phosphorus trichloride, and 
nitric acid, according to Etard, bring about the same change, 
but Otto* says that sulphuric acid does not turn solutions of the 
alum green if rise of temperature is prevented. Schrotter says 
that nitric acid turns green solutions of chromium sulphate blue 
again. 

Our experiments along this line resulted as follows: First as 
to the action of acids. Hydrochloric acid had no action upon 


1 Fischer, cited in Gmelin: Handbuch, 78$o, IV, 149. 
2/. prakt. Chem. (2), 23, 58. 

3 Compt. rend., 84, 1090. 

4 Graham-Otto, 4 Aufl.. 3, 113. 
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either violet or green solutions, nor does it apparently have any 
influence upon the change from one to the other on heating. 
Sulphuric acid brought about no change in either in the cold, but 
has a retarding influence upon the change on heating. This 
was so marked in one or two experiments that it was thought 
the change would be entirely prevented. Nitric acid had 
no appreciable immediate effect upon either in the cold. On 
heating with the violet the retarding action was greater than 
when sulphuric acid was used, and the solution resumed its 
violet color on cooling. Acetic acid had apparently no influ- 
ence. As to the action of alkalies, sodium or potassium, or am- 
monium hydroxide, or the carbonates, readily turned the violet 
They had no action upon green solutions. 















solutions green. 









CHANGES IN PHYSICAL PROPERTIES. 





In the case of chromic sulphate, Sprung’ has shown that the 
violet solution with about twenty-four per cent. of the salt has 
the specific gravity 1.1619, while the green is 1.1486. So too 
with the alum there is an increase of volume, which has been 
noticed by Siewert and also by Mohr,’ and a decrease of volume 
is observed as the green solution reverts tothe violet. Lecog de 
Boisbaudran’® has also observed these changes, noting that they 
are independent of the concentration of the solution, the pres- 
ence of crystals, or whether the vessel is open or closed. The 
changes in density can be reckoned from his dilatometric obser- 
vations. Dougal* has shown that the alteration in density of 
even a dilute solution of chrome-alum, after boiling, may readily 
be detected by a specific gravity bottle. In this manner, one, 
two and a half, and five per cent. solutions were experimented 
upon. The actual amount of change depended upon the duration 
of the heating and the length of time which had elapsed since 
the green solution had been prepared. The violet solutions 
became specifically lighter when changed to green by boiling. 
The transformation is accompanied therefore by expansion. 

According to Sprung the violet and green solutions show a 
difference in internal friction or viscosity. The ratios of diffu- 


1N. Arch. ph. nat., 53, 112. 
2 Ber. d. chem, Ges., 4, 318. 
8 Compt. rend., 79, 1491. 

47. Chem. Soc. Lond., 2896 























, 69, 1527. 














i- 





CHANGE OF COLOR IN SOLUTIONS OF CHROMIUM SALTS. 487 


sion out of capillaries at temperatures 10°, 20°, 30°, 40°, 50°, of 
the green to the violet were as 100 to 60.70; to67.77; to 68.74; 
to 70.79; to 75.72. From this it is seen that the change 
begins at less than 30°. From this arises the observation that has 
been made that the solution of the alum turns somewhat green at 
ordinary temperatures. 

The diffusion of these solutions has also been carefully studied 
with a view to throwing light upon this puzzling problem. 

With regard to the sulphate it has been shown by van Cleeff' 
that green solutions on being dialyzed yield dialysates contain- 
ing a larger proportion of acids. This has been repeatedly 
investigated in the case of the alum. Thus van Cleeff has 
found that in the dialysis of the green solution of the alum, rela- 
tively more sulphuric acid goes into the dialysate than when the 
violet solution is dialyzed. Dougal’ has also carried out care- 
ful experiments along this line. Time, temperature, strength of 
the dialysate, amount of initial change, amount of retrogression, 
all affected the results, and little beyond the facts stated above 
could be deduced from them. The experiments were made 
upon solutions containing one per cent. of thealum. While the 
author states that no comparison could justly be made between 
the experiments, it may be noted that the ratio of increase in 
acidity was fairly regular and ranged between one-seventh and 
one-sixth. 

A few experiments were undertaken upon the dialysis of the 
alum before Dougal’s experiments were known to us. They 
were not pushed to completion when these latter became known, 
especially as there seemed little chance of their throwing much 
light upon the nature of the change. 


CHANGES IN CHEMICAL PROPERTIES. 


One of the most singular changes in chemical properties isthat 
noted in the action of the sulphate or alum, before and after heat- 
ing, upon solutions of barium or lead salts. This was first 
observed by Loewel® and was studied by Favre and Valson.‘ 
A violet solution on being treated in the cold with a solution of 


1], prakt. Chem. (2), 23, 58. 

2/. Chem. Soc. ond., 1896, 69, 1527. 
8/7. Pharm. (3), 4, 32. 

* Compt. rend.; 77, 803. 
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barium chloride, yields practically all of its sulphuric acid as 
barium sulphate. A cold green solution forms a precipitate 
slowly, and even after a number of hours the precipitation is far 
from complete. On boiling, all of the sulphuric acid will be 
precipitated. Favre and Valson found that only one-third of 
the sulphuric acid present in the original chromic sulphate was 
precipitated in the cold by the barium chloride. 

Our own experiments upon this point were as follows: A 
weighed amount of the pure alum was dissolved and the solution 
made up to a definite quantity. Two aliquot portions were 
taken, one of which was heated for half an hour and allowed to 
cool. Then both portions were precipitated with an excess of 
barium chloride. It was found impossible to filter these imme- 
diately with asbestos felts or the best filter-paper. They were 
therefore allowed to stand about twenty-four hours. This very 
long standing probably changed the conditions somewhat, but 
we were unable to avoid it. Still the results would confirm the 
observations of Favre and Valson. The prolonged standing also 
showed that it was not merely a delayed precipitation, but one 
partially prevented. 


I II. 
Percentage of SO, in alum is 32.06 -.-.-seseeeee- 
Percentage of SO, in alum, violet solution pre- 
Cipitated COld.....ecccccecccccsccvcceccsece 30.44 30.19 
Percentage of SO, in alum, green solution heated 
CUMS ER OE TAUNTED eric no 04 6 6 6.0 o.6. 0's 00 * wee oe eae oe 22.78 22.33 
Percentage of SO, in alum, green solution heated 
SUNN hoes or iris aiksic 0b 8 RT WS hid aia OL BORG enlow 22.87 21.83 


These experiments were upon solutions containing one gram 
to 100 cc. A solution twice as strong was next taken: 


L. II. 
Percentage in violet solution precipitated 
REE re steio dens sige h 60 Sees Cab bu wale estan 28.88 31.80 
Percentage in green solution (heated one 
hour) precipitated cold .............- 19.55 21.47 


Again a solution containing 0.5 gram to the 100 cc. was 
taken. 


Percentage in violet solution precipitated cold ..-..... 28.30 
Percentage in green solution (heated one hour) pre- 
Cipitated COld .... 6+. cesecescceccvcecvvvcccceccecs 
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The difficulties of washing and filtering barium sulphate pre- 
cipitated in this manner account in part for the lack of agree- 
ment between the analyses, but two things are evident ; first, 
that all of the sulphuric acid is not precipitated from either 
violet or green solutions in the cold, and, secondly, that a short 
boiling effects such a change that only two-thirds of the sul- 
phuric acid is precipitated by barium chloride in the cold. The 
amount not precipitated ranged from 9.06 to 13.51 per cent. 

Many observations have been recorded as to the acidity of the 
violet and green solutions of thealum. Recoura' has stated that 
the vapors coming off from a solution at 100° are acid, while the 
solid salt at the same temperature does not lose any acid. He 
further maintains that the green solution, left after the heating, 
contains a considerable amount of free acid. He made use of 
the heat of neutralization as a means of measuring the degree of 
acidity. A known amount of soda was added to the liquid and 
the heat liberated was measured. In so far as this corresponds 
with the heat liberated by the neutralization of free sulphuric 
acid in the same degree of dilution, he concluded that he was 
dealing with free acid. According to his experiments there was 
one-half of an equivalent of sulphuric acid for every equivalent 
of chromium sulphate. 

It was Kriiger’ who first attempted to show in 1844 the 
presence of free sulphuric acid in the green solution. He 
thought this was proved by the acidity of the layer of alcohol 
poured over the green solution. 

Baubigny and Pechard® have shown that the alum has always 
an acid reaction even after purification by means of alcohol. 
Further they regarded the following experiment as proving a 
partial dissociation of the salt. To twenty cc. of a saturated 
solution of the alum, three-tenths gram of ammonia gas was added, 
and, after shaking, the liquid was neutral to methyl orange ; 
after some time the liquid which had become green on the addi- 
tion of the ammonia, yielded violet crystals with strong acid- 
reaction and the mother-liquor had become acid to methyl orange. 

Whitney‘ has also attempted to prove the presence of acid by 


1 Compt. rend., 112, 1440. 

2 Ann. phys. Chem. (3), 61, 218. 

8 Compt. rend., 115, 604. 

4 Ztschr. phys. Chem., 1896, 20, 40. 











490 F. P. VENABLE AND F. W. MILLER. 





physical methods. Sodium hydroxide and barium hydroxide 
respectively were added to the green solution. The addition of 
a base must lower the conductivity of the solution as long as 
free sulphuric acid is being neutralized. He found the minimum 
when he had added one-sixth of an equivalent of sodium 
hydroxide to the chromium sulphate, or one-third of an equiva- 
lent of barium hydroxide. No explanation was given of the 
variation in the results. He also claimed to have proved the 
presence of free acid by the catalysis of methyl acetate. Lastly 
the inverting action of green solutions of chromium chloride, 
acetate, nitrate, and sulphate was tried upon sugar solutions. 
He came to the conclusion that in the case of the chloride and 
nitrate, two-thirds of the acid was set free on boiling ; of the 
acetate more than two-thirds, and of sulphate less than one-third. 
In our own experiments as to the relative acidity of the violet 
and green solutions, it was speedily seen that both solutions 
were acid. We tried a large number of the usual indicators, 
but the violet and green colors of the solutions interfered too 
much to give any results with them which could be regarded as 
at all satisfactory. It was found that fair results could be 
obtained by using a decinormal solution of ammonia and noting 
the first appearance of a permanent precipitate. 


Tenth-normal 
ammonia. 


cc. 

One gram in too cc. cold required.....+ sees eeeeeeeeeeee 27-5 
“ see ee “boiled one-half hour....... seeeeeee 27.6 
“ SG eh «46 “a iO TEE» n'a big kha eee AO kee es 26.5 

6 ‘ 6 6 “6 CWO ROUES sco. ecccericecannwas 26.5 


During the boiling, the water evaporated was repeatedly restored. 
Unless this was done a little acid was lost, and even with this 
precaution there was a small loss, and this may explain the 
acidity of the vapors coming off at 100° as observed by Recoura. 

These experiments therefore agree with those of Baubigny and 
Pechard, but are at variance with the conclusions of the other 
authors mentioned. We think the experimental data of these 
authors do not afford sufficient and satisfactory evidence to 
serve as a basis for their conclusions that free sulphuric acid 
exists in the solution. The methods adopted are very indirect 
and the results capable of other explanations. 
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THE EXISTENCE OF CHROMO-SULPHURIC ACIDS. 

Several articles have been published by Recoura’ upon chromo- 
sulphuric acids. He claims to have prepared several of these 
and regards the formation of such bodies as a probable ex- 
planation of the change in the green solutions, and others, as 
Whitney and Dougal, seem to accept his explanation. Recoura 
thinks there are two isomeric modifications of chromium sul- 
phate ; one violet, one green, and also another green sulphate 
not isomeric, but basic (2Cr,O,.5SO,). These he refers to three 
conditions of chromic hydroxide: Cr,(OH),, precipitated by 
alkalies from violet chromic salts ; Cr,O(OH),,, corresponding to 
the basic sulphate and non-isolable; Cr,O(OH),, precipitated 
by alkalies from green solutions. Solutions of this latter in 
acids, he says, are not precipitated by solutions of barium salts. 
This last statement is not strictly true. Such solutions are par- 
tially precipitated by barium salts just as all green solutionsare. 
He assigns to the green sulphate the formula Cr,O,.35O0,.11H,O, 
which he says has quite a different constitution from that of the 
violet sulphate. Proofs for this statement he does not give. 
This isomeric green sulphate, he says, possesses neither the 
characteristics of a sulphate nor of a chromium salt. One 
molecule can combine with one molecule of either sulphuric acid 
or a metallic sulphate. Thus we may have Cr,(SO,),.H,SO,, 
or Cr,(SO,),.K,SO,. In these compounds all the sulphuric acid 
is in a non-precipitable form, he maintains. His crucial experi- 
ment is as follows: 

‘*Mix a solution containing one molecule of Cr,(SO,), with a 
solution containing one molecule of sulphuric acid or asulphate. 
Union is immediate, for barium chloride will now give no pre- 
cipitate and the solution therefore holds no sulphate. The new 
radical is unstable, for precipitation is immediate on boiling, or 
in concentrated solutions or in dilute solution on standing one- 
half hour. J zs necessary to work with very dilute solutions, other- 
wise the radical containing chromium is decomposed.’’ 

Of course such reasoning would give us these same strange 
isomeric metal-sulphuric acids in all sulphates, for if they are 
diluted enough it will take half an hour or more for the precipi- 
tate to form with barium chloride. 


1Compt. rend., 113, 1037 ; 114, 477; 116, 1367. 
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On such slender basis Recoura builds up a series of salts of a 
hypothetical chromo-sulphuric acid (Cr,.4S0,)H,. He has also 
prepared a chromo-disulphuric acid, chromo-trisulphuric acid, 
etc., by evaporating solutions of chromium sulphate with two, 
three, etc., molecules of sulphuric acid, and then heating to 110°- 
120°. Calvert and Ewart’ have shown that, on dialyzing these, 
they all leave a colloidal Cr,(SO,),.H,SO, upon the septum, the 
liquid passing through free of chromium. The behavior of these 
solutions makes it appear probable that the chromo-sulphuric 
acids do not exist in them as such, but are hydrolyzed, forming 
a colloidal substance, Cr,(SO,),.H,SO,, and free sulphuric acid. 
Our repeated experiments have failed to show the presence of 
this colloidal body in the ordinary green solutions of the alum or 
sulphate. A boiled solution of either, even though very con- 
centrated, will pass entirely through an unglazed porcelain suc- 
tion filter, such as Calvert and Ewart made use of. There seems 
to be no colloidal body present. 

We cannot regard the experiments of Recoura as advancing 
the knowledge of the subject in any degree. As an explanation 
of the changes it is by no means satisfactory. Dougal’s 
formula for the reaction causing the change, is even more 
remarkable and baseless : 


2[Cr,(SO,),.K,SO,} + H,O = [Cr,O(SO,),]SO, + 2K,SO, + 
H,SO,. 
This is not based upon Dougal’s own experiments but is of- 
fered as an explanation deduced from the work of Recoura, 
Whitney, Favre, and Valson. 


THE ACTION OF ALCOHOL. 


There have been several investigations of the action of alcohol, 
both upon the sulphate andthe alum, with the hope of throwing 
some light upon the changes under consideration. Traube’ 
states that the solid salt is unaffected by boiling alcohol. 
Schrotter has observed’ that solutions covered with a layer of 
alcohol became gradually green and the concentrated green 
solution is not dissolved by alcohol. Of course the first obser- 


1 Chem. News. 74, 121. 
2 Ann. Chem. (Liebig), 66, 168 
8 Pogg. Ann., 53, 513. 
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vation does not necessarily connect the alcohol with the change. 
Alcohol in large amounts precipitates from violet solutions of the 
sulphate a pale violet colored, crystalline powder, and decolor- 
izes the liquid.’ This can be used as a mode of purifying the 
alum.’ Siewert’ states that, when the violet sulphate is dissolved 
in a small amount of water and boiled with alcohol until the 
crystals formed are again taken up and then precipitated with 
ether, agreensyrup is gotten which consists of 5Cr,O,12SO,.*xH,O 
and the mother-liquor contains sulphuric acid in a condition in 
which it is not precipitated by barium chloride. Kriiger* states 
that alcohol precipitates from a green solution of the alum a 
green oil which solidifies and which contains only two-thirds of 
the sulphuric acid. Siewert confirms this and says that this sub- 
stance has approximately the composition 6K,0.5Cr,O,.18SQ,. 
H,O. Kriiger mentioned the acidity of the alcohol used in pre- 
cipitating the green oily liquid and evidently regarded it as 
withdrawing sulphuric acid from the original salt. He also 
mentioned the formation of a basic salt, by heating the green 
solution until it becomes rose-red, which contains half as much 
acid as the neutral salt and is insoluble in water. 

After a careful consideration of the results obtained by others 
by means of alcohol, it seemed to us quite possible that these 
might afford a clue to the explanation we were in search of. It 
was necessary to examine with care the action upon both the 
violet and the green solutions. Our experiments are therefore 
given in detail, and it will be seen that they agree in part only 
with the observations just quoted. 

Action on the Violet Solutions.—When alcohol was added to 
the violet solution of the alum, fine violet crystals were precipi- 
tated, which gave on analysis the following results : 


Calculated for Found. 
K,Cr_(SO,),.12H,0. I. 
CPevtcvieceonseavasungasios 13.32 13.68 13.36 
pS EPR Tee CECT oe 9.99 9.80 res 
SO, oo cece cscs cccccsccccess 49.99 48.85 


This may be an old observation that on crystallizing from 
alcohol the crystals contain only half the usual amount of water, 


1 Gmelin’s Handbuch, IV, 127. 

2 Baubigny and Pechard: Loc. cit. 
8 Ann. Chem. (Liebig), 126, 97. 

4 Ann. phys. Chem., 61, 218. 
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but we have not met with it anywhere. The fact that this very 
considerable change of hydration effects no change in color nor 
in the precipitating power of barium chloride, argues against 
the partial dehydration theory of Schrotter and Etard. It 
should be added that the precipitation was carried out with 
absolute alcohol upon concentrated solutions of the alum, was 
rapid, and the precipitate was immediately removed. There 
seemed to be two layers of crystals, one of violet crystals, and 
the other (upper) one of a fine heliotrope power. Analysisshowed 
that the composition of both was the same and that the differ- 
ence was probably one of subdivision. The precipitation is 
almost complete, as the alcohol shows very little color. From this 
it is evident that alcohol itself does not materially affect the 
violet solutions. 

Action on the Green Solutions.—Green solutions of the alum 
were first experimented with. When absolute alcohol is added 
to concentrated solutions of chrome alum, which have been 
boiled until fully green and allowed to cool, a dark green gummy 
mass separates out after a short time. If the boiling is not 
sufficiently prolonged there will form afterwards a few violet 
crystals. The alcohol retains something in solution, as is shown 
by the green color. This amount retained may be considerable 
if much water is present. It would seem then, that alcohol pre- 
cipitates out the body formed by the boiling and makes it avail- 
able for analysis and examination. Ifa portion of this green, 
gummy mass is taken and dissolved in water, it exhibits the 
same behavior towards barium chloride as has been observed in 
the green solutions. In one or two cases it was observed that 
the part remaining dissolved in the alcohol yielded practically 
all of its sulphuric acid to barium chloride in the cold. The 
green mass was thoroughly washed with alcohol and dried over 
sulphuric acid. It also dries to a brittle mass if exposed in thin 
layers to the atmosphere. It is quite insoluble in alcohol, 
but soluble in water. A number of preparations of this substance 
were made and analyzed and the results are in such agreement 
that one is inclined to believe that the substance is a definite 
compound. 

Fifteen grams of chrome alum were dissolved in 100 cc. water 
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and boiled for one hour to a concentration of fifty cc. This was 
cooled and precipitated by the addition of 1roocc. of absolute alco- 
hol. The green mass obtained on drying weighed about eight 
grams. This was carefully analyzed : 


Calculated for Found. 
7K_SO4.5Cr9(SOq) s-Crg(OH) 4.4H,0. E II. III. IV. 
Cre--se- teens tence 18.07 18.23 18.32 18.02 17.76 
iccessasascuneeceete 15.88 15.18 15.63 15.7 
SOjo+ecee ce ce wmcee « ORCS 60.55 60.73 aes 60.79 


Analysis III and IV were from other preparations, made, how- 
ever, in a similar manner tothat just described. This substance 
appears to have quite a complicated constitution, and it is not 
easy to see the part played by the potassium sulphate. It does 
not seem to be a matter of accidental occurrence, however. The 
important feature is that the salt is a basic one. Siewert gives, 
as the result of his analysis, 6K,O.5Cr,O,.18SO,.H,O, for which 
the following percentages would be required: Cr, 18.7; K, 
16.8; SO,, 61.9. While these percentages differ somewhat 
from those obtained by us, the agreement is sufficiently close to 
show that the substances examined were practically the same. 

On concentrating the liquid poured off from the green gum, 
it was repeatedly observed that more of the gum was obtained. 
For instance, in the experiment described where the green mass 
from fifteen grams weighed about eight grams, a further portion 
weighing 0.3915 gram was gotten. The analysis of this yielded 
the following percentages: Cr, 13.66; K, 8.57; and SO,, 55.45. 
We could only regard this as a mixture consisting in part of the 
green basic mass which had not completely separated out. The 
small amount of material left in solution (less than one-half 
gram) consisted of a little chromium with sulphuric acid in the 
ratio of about five to one. 

Next the action on chromium sulphate was examined. The 
chromium sulphate used was in the form of small violet scales or 
crystals. It was acomuinercial product and the method of its 
preparation was unknown to us. An analysis of it gave: 

Crvcceseesess oteKes Cee vevdodce weno evosses 22.10 
SO, -+---- eee ee cece re cece es cess sees eeeeees 44.20 


It is therefore a basic chromate, but we have seen no such 
body described in the books. It dissolved in water with a green 
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color. Fifteen grams of this dissolved in 100 cc. of water, boiled 
to a concentration of 50 cc. and precipitated with 100 cc. of 
alcohol, yielded about ten grams of the green, gummy mass, 
very similar in appearance to that obtained from the alum, but 
more soluble in alcoho]. In a second experiment twelve grams 
were taken and treated in the same way, and yielded about eight 
grams. ‘The analysis showed these to be identical. 


Calculated for Found. 
Cro(SO4)3.Cro(OH),.15H,O. i. II. III. 
Cressececceeeeveeeee 24.06 22.41 22.40 22.69 
SO,. cece cccccecscces 33.87 34.64 34.73 34-43 
Oe ee re 43-77 eens ae eees 


The agreement is far from satisfactory, but the body is evi- 
dently a basic salt. 

On evaporating the liquid portions other masses were obtained. 
These were also analyzed : 


Calculated for Found. 
2Crg(SO4)3-Cre(OH) 4.20H,O I Il. III. 
Circ vwinne canaer ates 22.70 22.93 22.71 22.98 
SOgeeceeevccecececes 42.72 43-71 42.32 43.46 
Water ccccscveccccee 34.57 eee Pore wae 


This is less basic than the previous compound. As the alcohol 
left is decidedly acid, it must contain either free acid or an acid 
sulphate. 

It did not seem to be necessary to prepare other chromium sul- 
phates, as these experiments were in accord with those obtained 
with the alum, and lack of time made it necessary to bring the 
experiments to an end. 


CONCLUSIONS. 


On weighing the experimental evidence which has been 
brought to bear upon these changes, it is an-easy matter to ex- 
clude some of the explanations offered. Thus the dissociation 
of the alum into chromium and potassium sulphates and similar 
theories which will not cover the cases of the nitrates, chlorides, 
etc., must of course be dropped. The formation of chromo- 
sulphuric acid, as suggested by Recoura, is not tenable in the 
light of the experiments performed. The theory of the change 
of hydration is not satisfactory, since it has been seen that a loss 
of one-half the water did not bring about the change of color. 
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The theory of Berzelius, however, of the formation of basic 
salts of chromium which would naturally be green and uncrys- 
tallizable, offers a full and sufficient explanation of the changes, 
and is in accord with the observations so far as they have been 
verified by us. It accounts quite plausibly for the partial with- 
holding of the sulphuric acid from precipitation by barium chlo- 
ride in the cold, and is strongly confirmed by the experiments 
with alcohol. This theory is also in accord with the facts that 
the green coloration may be brought about by the addition of 
alkaline substances, and that it is retarded by the addition of 
sulphuric or nitric acid. It is also easy to apply this explana- 
tion to the cases of the nitrate, chloride, acetate, and other 
soluble compounds of chromium. When we have opportunity 
we propose examining the action of alcohol upon these other 


compounds. 
UNIVERSITY OF NORTH CAROLINA. 





A METHOD FOR THE DIFFERENTIATION OF ORGANIC 
MATTER IN WATER. 


By A. G. WOODMAN. 
Received April 26, 1298. 


T present one of the least satisfactory determinations made 
A in the usual course of a sanitary water analysis is that of 
the so-called ‘‘ oxygen-consumed’’ or carbonaceous matter. 
Various methods have been proposed for estimating the or- 
ganic matter in water to replace the difficult and tedious com- 
bustion process of Frankland. Probably the one most generally 
used is some modification of the Forchammer potassium perman- 
ganate process. The objections to this process may be briefly 
summarized as follows: (1) The results obtained by means of it 
are only comparative and do-not indicate in any degree the 
absolute amount of carbonaceous matter present ; (2) these com- 
parative results are of value only when the organic matter in the 
various samples compared is practically identical in composition. 
Asa matter of fact, this latter condition is one that is very 
seldom realized in natural waters from different sources. The 
readiness with which the organic matter is oxidized by potas- 
sium permanganate varies not only with its character and the 
conditions under which it is found in the water, but also with 
the manner in which the determination is conducted. 
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The fact that by means of the Forchammer process as 
ordinarily carried out we are unable to distinguish the character 
of the organic matter contained in water, has been recognized by 
nearly all chemists who are authorities upon the subject of water 
analysis. Frankland’ says in regard to this: ‘‘ Reliance ought 
not to be placed on the Forchammer process, for the action of 
the permanganate of potash test is not only liableto considerable 
uncertainty, but it makes no distinction between nitrogenous 
and non-nitrogenous organic matter, and may even confuse 
innocent inorganic substances with organic matters of most 
objectionable origin.’’ It is true that methods have been pro- 
posed by which this distinction may be more or less satisfactorily 
made, but most of those which do not require an excessive 
amount of time and care in manipulation are matters of judgment 
rather than of determination. Dr. Tidy, for example, proposes 
to judge the character of the organic matter by an examination 
of the ‘‘ tint and tint depth’’ of the water through a two-foot 
tube. Considerable work has been done in this laboratory and 
elsewhere in order to replace the potassium permanganate by 
chromic acid, but it was always found that the oxidation was 
still incomplete. 

A method for distinguishing the different kinds of organic 
matter by the use of chromic acid in comparison with potassium 
permanganate has quite recently been proposed by Joseph 
Barnes.” He expresses the results in the form of a ratio between 
the oxygen consumed from permanganate and that taken from 
chromic acid. The results obtained show that solutions of 
starch and of sugar are acted upon by chromic acid toa much 
greater degree than by permanganate, thus giving a very low 
ratio. Gelatin and glycerol in dilute solutions are likewise 
found to give a fairly low ratio. ‘The highest ratios were given 
by infusions of peat and of tannicacid. In this work the method 
suggested by Barnes has been applied to the determination of 
organic matter in water. 

The method used, while essentially that of Barnes, differs from 
it in some important particulars, and will be described in 
considerable detail because the results obtained depend largely 


1 Water Analysis, 7890. 
27. Soc. Chem. Ind., 1896, 83. 
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upon the method of procedure that is adopted. A determina- 
tion of the carbonaceous matter is first made with- potassium 
permanganate according to Kubel’s hot acid method as follows: 
To a measured quantity of the water, usually 1oocc., placed in 
a 250 cc. flask, are added eight cc. of sulphuric acid.(1 : 3), and 
then about ten cc. of 737 potassium permanganate, or more if the 
vater is highly colored, are added from a burette. ‘The solution 
is heated to boiling and boiled for exactly five minutes, allowed 
to cool for one minute, and the pink color is then discharged 
by ten cc. of z}5 oxalic acid. It is then titrated with the 
joy permanganate to the usual faint pink color. In order to 
apply the chromic acid method, the following special solutions 
are required : (a) six and two-tenths grams of potassium bichro- 
mate are dissolved in distilled water, fifty cc. of concentrated sul- 
phuric acid added, and the solution is made up to one liter ; 
(6) eighteen gramis of crystallized ferrous sulphate are dissolved 
in a mixture of 100 cc. concentrated sulphuric acid and 200 cc. 
water. Whencool the solution is diluted to 500 cc. This solu- 
tion will not keep for more than two or three weeks. Fifty cc. 
of the water under examination are placed in a 250 cc. flask and 
twenty cc. of pure sulphuric acid (sp. gr. 1.84) are added. 
Exactly ten cc. of the above chromic acid solution are added, the 
flask shaken, and heated on a boiling water-bath for one hour, 
being kept covered by a watch-glass. It is then removed from 
the bath and allowed to cool for a few minutes; ten cc. of the 
ferrous sulphate are added, the solution poured into 500 cc. cold 
distilled water, and titrated with ;j> permanganate until the 
edges of the solution area faint pink. A blank determination 
must always be made at the same time, using fifty cc. of water 
free from organic matter. If the same ;}5 solution of potas- 
sium permanganate is used in both methods, the results are at 
once expressed in the form of an ‘‘ oxygen ratio’’ by dividing 
the number of cubic centimeters used in the Kubel method by 
the number of cubic centimeters required for an equal amount 
of the water by the chromic acid method. This ratioin general 
assumes the form of a fraction less than unity. 

In this investigation the method as thus outlined has been 
applied to natural waters which give high ‘‘oxygen-consumed,’’ 
but are known to be free from sewage pollution, some of them 
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being used as public supplies, and to filtered city sewage in 
various degrees of dilution. The results obtained on these 
‘‘ peaty waters’’ are tabulated below. The ‘‘ratio’’ is obtained 
in the form of a fraction as mentioned above; the colors given 
are based on Professor Leeds’ nesslerized ammonia scale. 


Color. Ratio. 

Boston tap water (July 24, 1897) .-.seee eee seeeccoe cece 0.3 0.656 
“ “ 6¢ (Jan. 24, 1898) «220 erveccce sce vccece 0.7 0.646 

“ “6 “ Mar. 11, 1898). -22+sccccecees cece cece 0.48 0.649 
Pat MNES 10 91s 0 4:4:01s 4/8 ace ee nleew cose ebeees wean s+e* 5,00 0.833 
Color standard (0). 0... ccsscccscccccccecsvcsscocscccces 1.8 0.689 
Reservoir, Orange, Mass. ......s.ccccee cece cece cccccece 0.58 0.659 
“s Athol, *€ (full of algae)... ssseeeeceeee cove 1.132 

s 6 Se. APACE a's 4 onal. oye eee no taro aniate 1.7 0.750 
Pniusion Of Gried Leaves « -6.0.¥ 060040000 00-00 dase0ee s,s about 10.0 0.656 
Solution of humus in ammonia ...-- cess vecccescce cece tees 0.692 


The Boston tap water is a typical brown surface water. The 
color standards are very dark-colored swamp waters of different 
dilutions. The waters from Orange and from Athol were 
surface waters which contained so great a growth of algae, 
especially Anabaena, as to be colored distinctly green, and gave 
extremely high ‘‘oxygen-consumed”’ and albuminoid ammonia. 
The leaf infusion was made by treating the dried leaves with 
cold distilled water, the first portion, containing the sugary 
extract, being rejected. It had been standing about ten months. 

The ratios obtained with sewage, as shown in the following 
table, are about the same as given by Barnes for nitrogenous 
substances. 


Ratio. 

Sewage from Marlboro (filtered, O14) «-- ese eeeeeesceceesceccesees 0.543 
s SR Geha 1 GRR REOE CUBR) 6.65650 9:0. 4 oas0) 0 0:06.04 0505 0 o.0ieee 0.389 
(a) Filtered sewage, Hereford St., Boston «++ sseeesseesecceneces 0.470 
(6) Sewage (a) diluted five times with distilled water ............ + 0.490 
(c) « (a) * ten “ 6 “ tt: wneseeneeees 0.460 
Well contaminated with sewage..-+.esseeeeeee veces cece vecvce cece 0.449 


Two things are evident from the results shown in the fore- 
going tables. First, the peaty waters give a ratio above 0.600 ; 
the sewage and sewage-contaminated waters give a ratio below 
0.600, this apparently being the dividing line between the ratios 
of animal and vegetable matter. Second, the ratio for a given 
water is practically constant if the character of the organic 
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matter present does not undergo material change, no matter how 
much the amount present may vary. The results with Boston 
tap water at intervals of several months and with differing dilu- 
tions of the same sewage show this. In order to further test 
this, and to see if it were really possible to differentiate the 
organic matter in water by this means, the following experiment 
was made. ‘Two samples of water were prepared, one of which 
(a) was known to be free from sewage but contained consider- 
able coloring-matter of vegetable origin; the other (4) was 
distilled water containing a definite quantity of sewage. These 
gave the same amount of oxygen consumed by the perman- 
ganate process, (@) =0.2387 and (46) =0.2375 parts per 100,000. 
The ratios, however, differed widely, (a) = 0.827, and (6) = 
0.372. The method was also tried on a sample of well water 
which gave by the permanganate test more oxygen consumed 
than was warranted by its color. The question to be decided 
was whether the organic matter was due to sewage or to the 
infiltration of surface water carrying vegetable substances. 
The ratio obtained was high, 0.957, indicating that surface 
water was the cause. This wasconfirmed later by an examina- 
tion of the well. These results certainly show that the method 
is quite promising and deserves further study by those chemists 
who are especially interested in the question of sanitary water 
analysis. 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY, 
APRIL 20, 1898. 





AN EFFICIENT GAS-PRESSURE REGULATOR. 


By PAUL MURRILL. 
Received April 18, 1898. 


T is well known that the various types of mercury thermo- 
regulators cannot cope with marked changes in the gas 
pressure, and for this reason it is almost impossible to main- 
tain a constant temperature for a considerable length of time with 
any degree of certainty. Numerous contrivances for regulating 
the pressure have been proposed at various times, and several 
are to be had from the principal dealers, but they either fail 
entirely in their purpose, or are impracticable for general use 
owing to cost, difficulties of construction, etc. The apparatus 
of Moitessier, as catalogued in this country and Europe, appears 
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to have some features in common with the one described below, 
but its cost bars it from general use. The Girond rheometer, 
as modified by Schiff,' was tested in connection with a mercury 
thermostat, with results showing it to be useless for that purpose. 
A pressure regulator made of glass, described by Schiff,’ is quite 
similar in principle to the one-here described, but has the disad- 
vantages of being quite fragile, besides requiring skilled glass- 
blowing in its construction. An apparatus by Knudsen is also 
described,’ but is too complicated to be practical. 

Having experienced the same difficulties that many other 
workers have, the attempt was made to devise a simple appara- 
tus which would deliver gas at constant pressure regardless of 
the various changes of pressure in the gas-pipes. The apparatus 
having proved satisfactory, a description of it is given. Its 
strong points are efficiency, simplicity, durability, and cheap- 
ness. It can be made of sheet metal, preferably copper, by any 
sheet-metal worker, or may be obtained from the Eberbach 
Hardware Co., Ann Arbor, Mich., at a cost of $3.00, or may 
even be constructed of glass, using articles found in almost every 
laboratory. It is designed to be used in connection with a 
thermostat, and with it the temperature may be held constant 
within 0.1° C. Using the regulator here described, Prof. F. G. 
Novy has succeeded in maintaining constant temperatures in an 
air-bath at 50° and an oven at 150° at the same time. 

The dimensions can be varied to suit the purpose of the 
operator, but those here given will be found suited to the usual 
needs. The outer vessel or pail is fifteen 
em. in diameter and eighteen cm. deep. 
Through the center of the bottom three 
tubes enter, rising 14.5 cm. above the bot- 
tom. Beneath it the tubes bend at right 
angles, and diverge or may be run _ hori- 
zontally in any convenient direction. Two 
of these run a short distance beyond the 
vessel, terminating in stop-cocks, and serve 
as exit tubes for the gas. The third, 
which is the inlet tube, bends upward at 


the lower edge, and extends eight cm. 
1 Ber. d. chem. Ges., 1885, 2833; Ztschr. anal. Chem., 1886, 385. 
2 Ztschr. anal, Chem., 1886, 383. 
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(three inches) above the top of the outer vessel, turns outward 
at right angles again, and terminates 
in a stop-cock placed horizontally. 
To this stop-cock a ten cm. lever arm 
is attached. On the inside of the 
vessel three vertical [J-shaped grooves 
are soldered, extending eight cm. 
above the top. The tubing should 
be not less than seven mm. internal 
diameter. 

The inner vessel or gas container is 
thirteen cm. in diameter and fifteen 
cm. deep. On the outside three ver- 
tical flanges are soldered, correspond- 
ing to the three grooves in the outer 

re - Plan - Teo of ver 

vessel, and projecting sufficiently to Da removed 
prevent rotation or lateral motion of the inner vessel, but 
allowing it to move freely up or down. To the top of the 
inner vessel is soldered a stiff wire ring, and this is connected to 
the end of the lever-arm of the stop-cock described above by 
means of a stiff wire of such length that the stop-cock is wide 
open when the inner vessel is in its lowest position. The inner 
vessel with attachments should weigh about 700 grams, under 
which weight the gas will be delivered at about forty mm. pres- 
sure, but by means of convenient weights placed upon the float 
the pressure at which the gas is delivered may be varied at will. 
(In the laboratory here the maximum observed pressure in the 
gas-pipes is eighty-seven mm., and the minimum forty mm., 
measured on a water manometer.) The outer vessel is to be 
~ filled with water to the depth of about thirteencm., 
| or instead of water, liquid paraffin may be used, 
| | avoiding evaporation. It may also be made of 
| glass as follows: Two battery jars with straight 
| |==—s sides, and whose diameters differ by an inch, 
| serve as pail and float. Instead of entering 
| through the bottom, glass tubing is bent as 

herewith shown, and enters between the two ves- 

sels. Three such tubes are bent, and placed at 
The tubing should have an 











equal distances from each other. 
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external diameter a little less than half the difference between 
the internal diameter of the large jar and the external diameter 
of the small one, and should extend ten cm. above the top of 
the outer vessel, serving instead of the flanges and grooves. 
A glass stop-cock with as large capacity as possible is clamped 
rigidly in convenient position above the apparatus, and to it a 
lever arm of light wood is bound. To the end of the arm 
another light sliver or a wire is attached, which rests on the float 
and operates the valve. 

Operation of regulator is as follows: One of the exit tubes may 
be connected to a manometer, or both may go to burners as 
may be desired. Gas enters through the stop-cock and long tube 
into the container, and in so doing lifts the container, at the same 
time closing the valve. If outlets are closed the container will 
rise until the valve is entirely closed, in which position it will 
stand. When the exit tubes are opened the container falls, re- 
opening the valve, admitting gas at the same rate at which it is 
consumed, and delivering it at a pressure which is measured by 
the weight of the inner vessel, plus or minus the resistance due to 
friction, Ifthe apparatus is well made the resistance amounts 
to only one or two mm. on the manometer, and it is only exerted 
during the changes of position of the container. If the pressure 
in the pipes falls to that in the apparatus, the float falls to the 
bottom, opening the valve to its fullest capacity, and allowing 
the gas to flow through unhindered. 

Thanks are expressed to Mr. J. T. Faig for the sketches here- 
with given, and to Professors P. C. Freer and F. G. Novy for 
assistance rendered in various ways. 


LABORATORY OF GENERAL CHEMISTRY, 
UNIVERSITY OF MICHIGAN, ANN 
ARBOR, APRIL 14, 1898. 





USE OF HYDROFLUORIC ACID IN THE DETERMINATION 
OF MANGANESE IN IRON AND ORES. 


By ALLEN P. FORD AND I. M. BREGOWSKY. 
Received May 13, 1898. 


ILLIAMS’ method for the determination of manganese is 
W not faultless butis nevertheless the best method for the iron 
chemist who has to determine manganese in iron, steel, ferro- 
manganese, and ores. 
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It may be said, in passing, that a solution of ferrous sulphate 
is preferable to a solution of oxalic acid. An objection to the 
method, though not believed by most chemists to be valid, is that 
strong nitric acid and potassium chlorate do not completely 
precipitate manganese. As regards iron and steel, it can be 
said positively that strong nitric acid, free from nitrous fumes, 
and potassium chlorate, properly used, will completely precipi- 
tate the last traces of manganese. In regard to ores, more will 
be said later. 

Another objection urged against this method, especially in the 
case of pig irons, is the delay and annoyance caused by the sili- 
con clogging the filter and being generally troublesome. 

The use of hydrofluoric acid in the determination of manganese 
in high silicon pig irons, is not new and is mentioned in Blair’s 
‘‘ Analysis of Iron,’’ second edition, page 111; but as there 
directed it necessitates an evaporation, which takes time. The 
direct application of the acid was therefore tried, and after some 
failures, successfully. In practice, the iron is dissolved and the 
manganese precipitated with potassium chlorate as in the regu- 
lar method. As soon as the manganese is precipitated, which 
will be completed in a few minutes, a few drceps of hydrofluoric 
acid (more or less according to the amount of silicon present) 
are added, boiled several minutes or until the hydrofluoric acid 
is evaporated. Then alittle more potassium chlorate (about one 
gram) is added and the solution boiled as low as desired. The 
last addition of potassium chlorate has not been proved neces- 
sary but is added for safety. By using the acid in this manner 
the operation takes practically no longer than would a sample 
of steel containing a few hundredths of a per cent. of silicon. 
Not only will the solution filter rapidly and the fine silty man- 
ganese dioxide dissolve much more easily in the ferrous sulphate 
solution, but the graphitic carbon will be found to be nearly or 
entirely oxidized owing to the absence of the enveloping silica 
which otherwise would protect the particles of carbon from the 
oxidizing influence of the nitric acid and potassium chlorate. 

In the case of pig iron, the benefit of the hydrofluoric acid is 
simply that it eliminates the silicon and consequently gets rid of 
a source of annoyance and delay. 

A short time since, in doing some work on manganese ore, it was 
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discovered that hydrofluoric acid plays a much more important 
part than had been anticipated. In working ores it has always 
been found that the first addition of potassium chlorate did not 
completely precipitate the manganese, and after filtering, a second 
precipitation, and sometimes a third, was made in the filtrate. 
In the case of the ores above mentioned it was decided to use 
hydrofluoric acid on one of the samples to see if it would prove 
as beneficial as in the case of pig iron. On adding potassium 
chlorate to the filtrate, as in the other cases, no precipitate of 
manganese dioxide appeared, and this led to further experiments 
which proved, at least as far as this particular lot of ores was 
concerned, that the addition of hydrofluoric acid renders the first 
precipitation by potassium chlorate complete. In this case, as 
in the case of pig iron, only a few drops of acid were added a 
few minutes after the potassium chlorate. Aftera little practice 
one can judge by the amount of floating gelatinous silica about 
how much hydrofluoric acid to add. Ifthe first addition does not 
clearthe solution in a minute or twoa few drops more can be added. 

In beginning the use of the acid with pig irons, it was added 
to the solution and the silicon eliminated before the mariganese 
was precipitated, as directed by Blair; but some bad results 
were obtained about this time, and knowing that some reagents 
will prevent a precipitation while they will not dissolve the pre- 
cipitate after it is formed, the acid was used as above stated. 
The bad results may or may not have been due to this, but as 
it is just as easy to add the acid after the precipitation as before, 
it has always been so done. We have had long experience with 
the use of this acid in working pig iron and know it is safe and 
advantageous. Our work on ores is very limited, but as it 
appears to be even more useful in this class of work, we take 
pleasure in bringing it to the attention of, those in this particular 
line of work. 

In regard to the effect of the acid on the beakers, although it 
etches and blurs them, they have been used in this laboratory 
every day for a period of five or six months. The lower part of 
the beakers become partially opaque and not suitable for most 
other work, but by keeping a number of beakers for manganese 
determinations only, their life will be found to be very little 
diminished, provided the hydrofluoric acid is used carefully. 

































A NEW BACTERIA COUNTER.’ 


By WILLIAM P. MASON. 
Received March 15, 1898. 


HE ‘‘ Miller-McPherson’’ counting apparatus, for deter- 

mining the number of colonies of bacteria developing in 

culture media, needs but little explanation beyond what is given 
in the illustration shown herewith. 





The ‘‘ Wolffhiiggle’’ device which is still so commonly 
employed, has the disadvantage of not firmly fixing the ‘‘ Petri’’ 
dish in place, so that there is no small danger of counting the 
same colonies more than once. Nor is it possible to make use 
of a ‘‘ Miquel’’ flask as a substitute for the ‘‘ Petri’’ dish, if 
the ‘‘ Wolffhuggle’’ counter is to be employed. 

The new apparatus, illustrated herewith, is so arranged as to 
have the ruled glass plate a fixture, while the ‘‘ Petri’’ dish 
rests upon a movable ebonite plate, which is raised or lowered 
by the wheel beneath it actuating a hollow screw. The dish 
may be thus always kept firmly against the ruled plate, with 
no chance of slipping, and moreover it will be always in focus 
no matter what may be its thickness. 

It is my present practice to almost uniformly employ a 
‘‘ Miquel’’ flask (see illustration) rather than a ‘‘ Petri’’ dish, 
because the ‘‘ plating’’ can be done in the field therewith, and 
no transportation of the water sample is required. 


1 Read before the New York Section, March 11, 1898. 
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Under such circumstances the neck of the inverted flask 
passes through a hole in the ebonite plate and into the hollow 
screw, while the wheel beneath raises the bottom of the flask 
against the ruled plate the same as when a ‘‘Petri’’ dish is em- 
ployed. 

The counting apparatus and also the ‘‘ Miquel’’ flasks may 
be obtained of Eimer and Amend, 211 Third Avenue, New 
York City. 





THE DETERIIUNATION OF LEAD IN ALLOYS. 


By W. E. GARRIGUES. 
Received April 21, 1898. 

N the analysis of brass and bronze, the fact that we have only 
| a single practicable method for separating lead is an unusual 
instance of poverty in the case of so common an element. 

While the separation and determination as sulphate is 
admittedly excellent, there is always a more or less lengthy 
wait during evaporation of the filtrate from the metastannic 
acid, not to mention occasional losses of the assay at this stage 
through breakage. The latter is fortunately of rare occurrence 
and the former of little moment under ordinary circumstances, 
as no personal supervision is exacted during the operation, but 
it is not at all a rare occurrence that the foundryman wants his 
result at the earliest possible moment and it is for such occasions 
that the following method is especially suited. Nevertheless, 
the determination is fully as accurate as that with sulphuric 
acid and as it requires no more manipulation there is no reason 
why the method should not be employed at all times when the 
filtrate from the lead is not needed for other determinations. 

The precipitation of lead as chromate, from neutral or acetic 
solutions, is an old and admirable process but it is inapplicable 
as a separation from copper, the latter being likewise thrown 
down. Copper chromate is known to be readily soluble in 
ammonia, but the writer has been unable to find any record of 
the behavior of ammonia toward lead chromate, the nearest 
approach being the statement that fixed caustic alkalies decom- 
pose it. 
Experiment demonstrated that lead chromate is unaffected by 
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ammonia and confirmed the ready solubility of copper chromate. 
Hence the perfect separation. 

The Analysis: To the nitric acid solution of the lead and 
copper, is added an excess of potassium bichromate, followed by 
ammonia in decided excess. After heating until the supernatant 
liquid clears, the precipitate of lead chromate is filtered out on a 
Gooch crucible (the filtering medium being a single disk of 
filter-paper), washed respectively with dilute ammonia, hot 
water, and alcohol, and dried in the water-oven ready for weigh- 
ing. The results, in practice, have been found excellent. 

In using the process, it must be remembered that the sulphate 
method is available where the chromate is not. The latter is 
essentially a separation from copper and zinc only. In the 
presence of antimony, for instance, it is entirely feasible to keep 
the small quantity, left in the filtrate from the tin, from coming 
down with lead sulphate, by the simple expedient of using a 
liberal amount of sulphuric acid, diluting sparingly, and filtering 
without undue delay. The same applies no doubt to bismuth. 
Both of these would obviously appear with the lead chromate. 
Iron would likewise interfere in the latter case. 

Having now described the chromate process as being more 
expeditious than the sulphate, there is the somewhat paradox- 
ical position of having to explain how the reverse may be made 
the case insomuch as the lead can be obtained directly, without 
the necessity of first removing the tin. The process is rather 
delicate and its indiscriminate use may be objected to on this 
ground with some reason. It, nevertheless, seems possible to 
make the separation a clean and satisfactory one. At all events 
the observed facts are worthy of being recorded. 

The description is perhaps best given in the form of an account 
of an experiment : 

One-half gram of soft solder, containing lead 58.83 and 58.80 
per cent. by the usual sulphate and chromate methods respect- 
ively, was oxidized with nitric acid, twenty cc. of strong sul- 
phuric acid added, and the solution evaporated to the point of 
dense fuming. The metastannic acid was completely dissolved. 

An addition of eighty cc. cold water was made, the solution 
stirred for a few minutes, and the lead sulphate filtered out on a 
Gooch crucible. The result for lead was fifty-nine per cent. 
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The sulphuric acid filtrate was made alkaline with ammonia, 
again acid with sulphuric, but this time only until it turned 
methyl orange a decided red. The result was a voluminous 
white precipitate which was filtered out after boiling the liquid 
and which, on ignition over the blast, gave stannic oxide, equiva- 
lent to 41.1 per cent. tin. Total: 100.1. 

If much more than eighty cc. was used for diluting the fuming 
acid or if the diluted liquid was allowed to stand on the water- 
bath for an hour or so, the tin began to precipitate slowly. 

Antimony, when present in considerable quantity, sustains 
its reputation by coming down with both tin and lead and partly 
remaining in the last filtrate besides. 

When it is desirable to remove lead and tin in one operation, 
as for instance in the determination of copper by the writer’s 
thiocyanate method, it is essential to bear in mind the above 
described behavior of metastannic acid toward sulphuric acid 
and use the latter very sparingly. There is no difficulty in 
accomplishing the separation of both together in this manner. 
One can even go a step farther, in the determination of zinc as 
phosphate, by oxidizing with nitric acid, expelling the latter 
with as little sulphuric acid as possible, precipitating the copper 
as thiocyanate, and removing them all in one filtration. Three 
per cent. sulphuric-acid washing, to prevent re-solution of lead 
sulphate, has no effect on either the tin or copper precipitates. 

Where small amounts of zinc alone are to be determined in 
bronze, this procedure is unequaled for accuracy, neatness, and 
despatch. 


THE DUQUESNE CHEMICAL LABORATORY, 
PITTSBURG, PA. 





INACCURACIES IN THE DETERMINATION OF CARBON 
AND HYDROGEN OF COPIBUSTION. 
By CHARLES F. MABERY. 
Received May 16, 1898. 

WAS much interested in the results of Mr. G. Auchy which 
appeared in the April number of this Journal, since they are 
closely in line with my own observations in determining these 
elements in hydrocarbons, and an examination of this subject 
which I have nowin hand. During the last five years in my 
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work on the composition of the petroleum hydrocarbons, these 
determinations have occasioned much trouble and expense on 
account of the difficulty in keeping the details under control. 
The difficulties which I have encountered are the following : 

1. An efficient and durable means for removing carbon dioxide 
and water from air and oxygen. 

2. Maintaining a sufficient temperature to prevent gaseous 
hydrocarbons from escaping without complete combustion. 

3. Incomplete absorption of carbon dioxide in a thirty-three 
and one-third per cent. solution of potassium hydroxide. 

4. Escape of moisture from the potassium hydroxide bulb, 
over fused calcium chloride and potassium hydroxide. 

I now have these details under such control that assistants 
and students, by following directions, may be sure of obtaining 
correct results. 

It is not the purpose of this note to discuss these details in 
full since, as mentioned above, I have work in progress for the 
purpose of ascertaining the limits of these sources of error 
including the forms of potash bulbs. 

That it is not safe to trust to the calcium-chloride attachment 
of the potash bulb even when it contains solid caustic potash, as 
ours always does, to retain all moisture, is shown by the follow- 
ing results, in which a second sulphuric-acid tube was placed 
after the potash bulb. These results are taken at random from 
notes on combustions recently made: 

0.1402 gram of a California distillate, 138°-140°, gave 0.4485 
gram carbon dioxide, and 0.1897 gram water. 


Per cent. 
ee See em Peeve rier yr errr yr 85.00 
Hydrogen .-.+.+seseeeseeeees neaen 14.60 


Gain in second sulphuric-acid tube 0.0007 gram. 


0.1413 gram of a California distillate gave 0.4372 gram carbon 
dioxide and 0.1851 gram water. 


Per cent. 
Carbon «cose cccecccesescccescses OG S8 
Hydrogen «+++ sceseeceee sees veces 14.56 


Gain in second sulphuric-acid tube 0.0022 gram. 
1.1420 grams of a hydrocarbon from commercial paraffin, boil- 
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ing-point 306°-308°, fifty mm., gave 0.4434 gram carbon dioxide 
and 0.1882 gram water. 







Per cent. 
ee dck nuns named s xinabe ewer se 85.19 
Hydrogen ...cecesescsescccecseces 14.73 






Gain in second sulphuric-acid tube 0.0012 gram. 





0.1384 gram of a paraffin distillate, 294°-296°, fifty mm., gave 
0.4293 gram carbon dioxide and 0.1842 gram water. 







Per cent. 
Ce iiss a Setioewslac au ease ama 85.07 
Hydrogen ...seeeecseeccee seveeee 14.82 







Gain in second sulphuric-acid tube 0.0015 gram. 





0.1443 gram of a paraffin distillate 338°-343°, fifty mm., gave 
0.4507 gram carbon dioxide and 0.1884 gram water. 



























Per cent 
COE aba. Shwe ee Deleswasaneenere 85.45 
Hydrogen ..-- sce cece sccccccccees 14.51 


Gain in second sulphuric-acid tube 0.0015 gram. 
0.1423 gram of a paraffin distillate 258°-260°, fifty mm., gave 
0.4441 gram carbon dioxide and 0.1423 gram water. 


Per cent. 
CERTSOND a0 ai9:-5)Wi4 0c 6.6.06 014 40 Kees acted 85.09 
Hydrogen ..+....e cere cscs cceeeeee 15.08 


Gain in sulphuric-acid tube 0.0016 gram. 
0.1368 gram of a California distillate, boiling-point 139°-140°, 
gave 0.4309 gram carbon dioxide and 0.1837 gram water. 


Per cent. 
SRM oye bors/s kam eda Oeawew od ean 84.96 
Hydrogen ssid Sieueialbe wiciaens wa wate mee 14.72 


Gain in second sulphuric-acid tube 0.0009 gram. 


0.1459 gram of a California distillate, boiling-point 188°-189°, 
gave 0.4559 gram carbon dioxide and 0.1886 gram water. 


Per cent. 
Ce OL RE OE EE ae 85.70 
Hydrogen Pe eee ree Pre OE 14.40 


Gain in second sulphuric-acid tube 0.0016 gram. 
Unless great care be exercised in the rapidity of the combus- 
tion I suspect loss of carbon dioxide, but have not yet attempted 
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to prove it. It will be seen that these results confirm the obser- 
vations of Auchy, Drown, Blair, Dudley, and others, that the 
ordinary form of potash bulb will not retain all the moisture 
unless the operation be controlled with the greatest care. 
Another serious difficulty with us has been the impurities in the 
granular copper oxide. In blank tests it does not cease to cause 
an increase in weight in both sulphuric-acid tube and potash 
bulb until it has been heated in oxygen as long at least as it 
would be in six combustions. But when constant it apparently 
remains so. 





SOME FURTHER APPLICATIONS OF HYDROGEN PEROX- 
IDE TO QUANTITATIVE ANALYSIS. 


By PERCY H. WALKER. 
Received April 8, 1898. 


SEPARATION OF TITANIUM FROM IRON. 


HE addition of a large excess of hydrogen peroxide to a 

solution of a ferric salt does not prevent the precipitation of 

ferric hydroxide on addition of ammonia in excess; but a solu- 

tion of a titanium salt gives, on treatment with hydrogen perox- 

ide, the well-known yellow solution. This solution, if treated 

with sufficient hydrogen peroxide and kept cold, is not precipi- 
tated at once on adding ammonia in excess. 

Taking advantage of this fact titanium may be separated from 
iron by the following method: The cold, slightly acid solution 
of the mixed sulphates (in all about 150 cc.) is mixed with 100 
cc. hydrogen peroxide (about two and one-half per cent. solution) 
and run slowly from a dropping funnel into a rather large cas- 
serole containing 100 cc. hydrogen peroxide and thirty cc. strong 
ammonia, stirring constantly. The precipitated ferric hydroxide 
is filtered at once, washed slightly with cold dilute ammonia 
containing a little hydrogen peroxide. The precipitate is easily 
dissolved from the paper with a mixture of hydrochloric acid 
and hydrogen peroxide, again treated with an excess of hydrogen 
peroxide and reprecipitated as above. This is repeated a third 
time. The ferric hydroxide can then be dissolved and the iron 
determined in the ordinary way. 

The filtrates containing the titanium are boiled down, which 
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causes the titanium hydroxide, Ti(OH),, to separate out in a 
form easily filtered. This is washed with hot ammonium nitrate 
solution, ignited, and weighed as TiO,. 

Some titanium dioxide was fused with seven grams potassium 
bisulphate, cooled, dissolved in about 100 cc. cold water, and 
mixed with a solution of iron ammonium alum containing about 
one-tenth gram iron. The separation was then carried out as 
described above. 












Titanium dioxide found by first separation.......+.++ 
Titanium dioxide found by second separation........ 0.0104 
Titanium dioxide found by third separation.........- 



























GER INOUEE So vais 104 de cieiees id sieldiseiaNeetbina war castepietpas 
Theory ( TiO, taken) «++. .see ceeceeccceee cence cece secs O.IOI6 


Difference + 0.0001 
SEPARATION OF URANIUM FROM IRON. 


The presence of a large excess of hydrogen peroxide prevents 
the precipitation of uranium by sodium hydroxide, but does 
not prevent the precipitation of ferric hydroxide. A slightly 
acid solution containing the mixed salts is mixed with fifty cc. 
hydrogen peroxide, and run slowly with constant stirring into a 
large casserole containing a solution of five grams sodium 
hydroxide in fifty cc. water mixed with fifty cc. hydrogen per- 
oxide. This is then diluted to about 400 cc. with hot water, 
filtered, and washed with hot water. The filtrate which con- 
tains all the uranium is made acid with hydrochloric acid, 
evaporated to dryness on the water-bath, heated to 110° C. for 
one hour to separate any silica (from the reagents and glass), 
dissolved in hydrochloric acid, filtered, and the uranium pre- 
cipitated with ammonia, washed with ammonium nitrate and 
ammonia, finally with water, ignited, and weighed as U,O,. 

The author used in his experiments a solution containing 
about equal weights of Fe,O, and U,O,. 


U,0, taken. U,0, found. Difference. 
(A) coeeccrece veces 0.1129 0.1124 —0,.0005 
(BD) seve vceceeeeere 0.1056 0.1064 +0.0008 


SEPARATION OF ZIRCONIUM FROM URANIUM. 


The mixture containing two-tenths to three-tenths gram each 
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U,O, and ZrO,, is fused with six to seven grams sodium bisul- 
phate and the melt dissolved in cold water. The solution is 
mixed with fifty cc. hydrogen peroxide and poured into a casse- 
role containing five grams pure sodium hydroxide dissolved in 
fifty cc. water and fifty cc. hydrogen peroxide. No precipitate 
forms at first, but after heating on the water-bath for a half hour 
the zirconium oxide settles to the bottom of the dish as a very 
heavy precipitate which is filtered and washed with hot water. 
The precipitate is easily dissolved by a warm mixture of hydro- 
chloric acid and hydrogen peroxide. This solution is boiled, 
precipitated with ammonia, washed at first with ammonium 
nitrate solution, then with water, ignited, and weighed as ZrO,,. 
Zirconium dioxide taken. Zirconium dioxide found. Difference. 
0.2150 0.2158 +0.0008 
In conclusicn the author wishes to state that this work was 
suggested to him by Prof. Dr. P. Jannasch, of Heidelberg, over 
a year ago, and much of the work was done in his laboratory, 
but as the results then obtained were not entirely satisfactory, it 
was not published at that time. 


CHEMICAL LABORATORY, STATE UNIVERSITY OF IowA, 
APRIL 4, 1898. 





ON THE DECOSIPOSITION OF CONCENTRATED SULPHURIC 
ACID BY MERCURY AT ORDINARY TESPIPERATURES. 


By CHARLES BASKERVILLE AND F. W. MILLER. 
Received April 9, 1898. 


N a recent number of this Journal,’ Mr. J. R. Pitman 
| denied the statement of the authors that concentrated 
sulphuric acid is decomposed by mercury at the ordinary 
atmospheric temperature, 20°C. Mr. Pitman leaves himself open 
to the same criticism that could with justice be urged against 
us; namely, a failure to report the strength of the acid obtained 
in any other way than that by specific gravity. 

As is well known, sulphuric acid (sp. gr. 1.84) may contain 
either 95.6 or 99.2 per cent. H,SO,.* The apparatus which we 
made use of did not permit a determination of the specific gravity 
more accurately than the second decimal place. Sulphuric acid 
(sp. gr. 1.839) contains 99.70 per cent. H,SO,. The acid used 


1 Vol. 20, 100. 
2Lunge und Isler; Biedermann’s Chemiker-Kalender, 1898, p. 186. 
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by us in the experiments reported (vd supra) contained 99.65 
per cent. H,SO, by analysis. Acid of that strength placed in an 
air-tight glass-stoppered bottle with pure mercury gave off, in 
twenty-four hours, sufficient sulphur dioxide to bleach a very 
dilute potassium permanganate solution. In several instances 
after allowing a longer exposure the gas was easily recognized 
by its odor when the stopper was removed. 

Whether or no any reaction occurs depends entirely upon the 
strength of the acid used, as independently noted later by M. 
Berthelot, who states that ‘‘ boiled sulphuric acid has a slow 
action on mercury forming sulphate and giving off sulphurous. 
acid.’’ He also states that the reaction occurs only at the maxi- 
mum concentration.. When our paper was read before the 
society in Detroit, Dr. E. W. Morley, in the discussion following, 
stated that he had previously made similar observations but had 
not published them. Ina recent letter from him he stated that 
when freshly distilled cold sulphuric acid was in contact with 
mercury, he found it impossible to maintain a vacuum on 
account of the evolution of from one to two cc. sulphur dioxide 
per day. 

An ordinary hydrometer may indicate acid of 1.84 sp. gr., 
when in fact it may be of 1.837 sp. gr. or 94.2 per cent. acid, 
which fact we have observed. We have lately (since the 
appearance of Mr. Pitman’s paper) observed that ninety-five per 
cent. acid does not seem within a reasonable length of time to 
react in the cold with mercury. Further we have noticed that 
during three weeks in this climate ninety-five per cent. acid 
dropped to 94.2 per cent. by allowing the bottle to remain open 
a few minutes each day. The content of acid more or less ex- 
posed to the moisture of the air while being used ina nitrometer 
could easily change, the stronger the acid the more rapid the 
change. Acid of ninety-four per cent. serves very well for 
desiccation in ordinary gas analysis and has no apparent action 
upon the mercury; however, the authors insist that concentrated 
sulphuric acid of 99.5 per cent. strength is decomposed by mer- 
cury. 

UNIVERSITY OF NORTH CAROLINA. 
1 Chem. News, 76, 325; Compt. rend., 125, 20. 
























THE RELIABILITY OF THE DISSOCIATION-VALUES 
DETERMINED BY ELECTRICAL CONDUCTIVITY 
MEASURETIENTS,' 


By ARTHUR A. NOYES. 
Received May 25, 1898. 


I. VAN LAAR’S CORRECTION OF THE HEAT OF SOLUTION 
FORMULA. 
HERE has recently appeared’ an article by van Laar in 
which he claims with the* greatest positiveness that the 
dissociation-values calculated from the electrical conductivity 
are incorrect. In order to sustain this view, he brings forward 
certain ‘‘ proofs’’ and offers an hypothesis concerning the cause 
of the supposed unreliability of the conductivity method. The 
matter is of so great importance and the view of van Laar is, in 
my opinion, so completely unjustifiable, that I feel compelled to 
reply to his arguments, and to present the existing proofs of the 
contrary idea. 

As an evidence of his view, van Laar attempted to show that 
the heats of solution, calculated thermodynamically from the 
changes in solubility caused by variations of temperature, agreed 
much better with the experimental values when the theoretical 
(Ostwald) dilution-law was used in the calculation, than when 
the empirical (Rudolphi-van’t Hoff) law derived from conduc- 
tivity values wasemployed. Unfortunately, however, van Laar 
has not, it seems to me, derived correctly the relation between 
the change in solubility and heat of solution in the case of dis- 
sociated substances. It is apparent that his equation in the 
derivation of which the empirical dilution-law was assumed is 
incorrect, since this furnishes an evidently false result in the 
limiting case of complete dissociation. The equation to which 
I refer is as follows : 

L . % aes 
RT 3—a aT’ 
in which Z expresses the heat of solution ; 2, the gas constant ; 
T, the absolute temperature; a, the degree of dissociation; ands, 
the solubility. When a= 1, this equation becomes 


1 Presented at a meeting of the North Eastern Section of the Society. 
2 Ztschr. phys. Chem., 21, 79. 








eececeeseevee(I) 











ARTHUR A. NOYES. 


For complete dissociation, however, this equation must evidently 
be quite independent of any dilution-law whatever ; for no 
change in the degree of dissociation takes place in this case. 
Also, since in the case of a wholly dissociated di-ionic salt the 
equilibrium constant A, which occurs in the general van’t Hoff 
equation, 
dlog K_ OQ 
*) i ig 
is equal to s*, the product of the concentrations of the ions, it 
follows that 
ors (3) 

. ia” Bl aL 3 
an equation which has already’ been employed and confirmed. 
Even the equation derived by van Laar under the assumption 
of the theoretical dilution-law, 


L 2 d log s 


2 ae seeeeeeveeee(G) 





becomes simplified to equation (3) whena=1. His two equa- 
tions (2) and (4) therefore lead to different results in the case 
where the influence of the dilution-law must disappear. More- 
over, even the last equation of van Laar cannot be correct in 
general, although it fulfils the conditions of the two limiting 
cases ; for it contains no term which represents the change of 
the dissociation with the temperature. This is, however, 
obviously necessary ; for the heat of solution of a partially dis- 
sociated substance may be regarded asthe sum of two quantities, 
one of which depends on the heat of solution of the undissociated 
substance, and the other on its heat of dissociation. This latter 
amount of heat is, however, determined thermodynamically by 
the temperature-change of the dissociation-constant, while the 
former is independent of it. Accordingly the sum, the actual 
heat of solution, must be a function of the temperature-change 
of the dissociation-constant. 


1 Nernst : Theoretische Chemie, 716. 
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The original equation of van't Hoff' 
E zd log zs d log s da 
Rr = Te (1H a) SR penne (5) 
satisfies this theoretical requirement. That of van Laar is an 
attempted improvement onthis. According to him the assump- 
tion of van’t Hoff? and Rudolphi’* that Z = W-+ a Q, where 
L is the actual (total) heat of solution, W, the heat of solution of 
the undissociated substance, and Q, its heat of dissociation, is not 
correct ; but since in the solution of the quantity ds there takes 
place, besides its own change in dissociation, a change in the 
degree of dissociation of the total quantity s of the substance 
da 


7 ds, it follows that Zds = Wds + 


(a+ 5%) Q ds, in which the quantity = is to be obtained 





present, by an amount 


from the dilution-law. For the heat of solution, Z, of a gram- 
molecule, it follows, therefore, according to van Laar, that 


ix W (a+ 5-5) QO. 


This ‘‘ correction’’ seems to me, however, to be wholly 
erroneous and to arise from a misunderstanding of the signifi- 
cance of the heat of solution. The molecular heat of solution 
is, in a thermodynamical sense, the heat which is absorbed by 
the dissolving of one molecule of the substance in a solution of 
unchangeable concentration; namely, that corresponding to the 
equilibrium. Even differential changes of concentration must 
not occur if the thermodynamical relations are to hold strictly ; 
and if they actually occur, as van Laar assumes, the heat of 
solution then obtained will differ from the thermodynamical 
heat by an amount corresponding to the influence of those 
changes in concentration; that is to say, the dissolving must 
take place with a simultaneous increase in the volume of the 
solution by the addition of the solvent, in such a way that the 
concentration remains constant, just as in the reversible evapora- 
tion of a liquid the volume of the vapor must increase con- 
tinuously. 

1 Ztschr. phys. Chem., 7, 147; t= (1+ a) fora di-ionic electrolyte. 


2 bid., 17, 547. 
8 Jbid., 17, 299. 
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By these considerations it seems to me that the falsity of van 
Laar’s attempted correction of van’t Hoff’s equation is made 
evident. The matter is, however, so important, as well froma 
general point of view as from the standpoint of this discussion, 
that it seems proper to present a direct derivation of the van’t 
Hoff equation by means of a cyclical process, and especially so 
since van’t Hoff himself, according to the assertion of van Laar,' 
has acknowledged the validity of the latter’s proposed correction. 


2. DERIVATION OF THE RELATION BETWEEN THE HEAT OF 
SOLUTION OF DISSOCIATED SUBSTANCES AND THE CHANGE 
IN THEIR SOLUBILITY WITH THE TEMPERATURE. 








In order to derive this relation we will consider a cyclical 
process to be carried out by means of an osmotic machine. 
The machine consists, in its original condition, of a cylinder 
provided with a semipermeable piston, in the bottom of which, 
below the piston, is one molecule of the solid substance, while 
above is that amount of the pure solvent in which the solid sub- 
stance is soluble. The solid substance is moistened with an 
infinitely small amount of the saturated solution, and the osmotic 
pressure on the piston is just balanced by a corresponding 
weight. The machine is placed in a very large heat reservoir 
at 7°, and the following cyclical process consisting of five parts 
is carried out : 

Part I. By an indefinitely small decrease of the weight on the 
piston the latter is allowed to rise until the solid substance is 
dissolved. Let the concentration of the resulting saturated solu- 
tion be expressed by s. 

Part II, The piston is fastened and the machine placed in a 
very large heat reservoir at (7+ d7)°. 

Fart Ill, The piston is set free after loading it with a weight 
equal to the osmotic pressure; the weight is then increased by 
an indefinitely small amount, and the piston allowed to sink 
until the concentration of the solution has risen from s to that of 
the solution saturated at 7+ d7; that is, s + ds. 

Part IV. The piston is now allowed to sink still further, until 
the molecule of the substance has separated out of the solution. 
1 Ztschr. phys. Chem., 17, 547. 
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Part V. Finally the machine is placed in the heat reservoir 
at 7”. 

The cyclical process is now completed and the original condi- 
tion restored. The Second Law of Energetics gives now the 
relation which must exist between the work aA performed on 
the system and the amount of heat Q which is transferred from 
one temperature to the other. This relation is 


dT 
dA = Qrp covers ecece coe cess (6) 

We will next determine the amount of work performed in the 
above-described process. The work done in each part consists 
in a change of volume taking place at a constant pressure, and 
is therefore equal to the product of these two quantities. Ac- 
cording to the Avogadro-van’t Hoff principle, the osmotic pres- 
sure is equal to xR7, where 2 denotes the number of molecules 
present. As above, the concentration of the solution saturated 
at 7° iss,and at 7+ d7° is s+ ds. Further, let the number 
of molecules which is present in the solution of one molecule of 
the solid substance at 7° bez, and at 7+ d7° be 7+ di. 
Then the following values of the change in volume (4z), of the 
pressure (P), and of the work performed (4), in the separate 
parts of the process, are: 


Part I, (4v), =—; P= is RT; A, = —iRT. 
Part il. (40), 0; = Ay = 0. 
I I . 
Part Ill. (Bg Se Ps — is R(7+ dT): 


A, = t<RTd log s. 


I 
2, 7 PT i cine semana o cae 
Part IV. (4); = ite P, 


(g++ di) (stds) R(T+a7); 
A, =tRT+iR dT7+ RTd. 
Part V, (40), = 0; 4p = 06 
The total work done in the process is, therefore, 
dA =iR (Td log is+dT). 
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On the other hand, the amount of heat, Q, absorbed at the tem- 
perature 7, is evidently the sum of the heat of solution Z in the 
ordinary sense (without work being done) and the external 
work ; that istosay, O=Z+iR7. If these values of dA and 
Q are substituted in equation (6), the expression of the Second 
Law, we obtain 
L _ td logis 
|: ca” ile 

which is the original van’t Hoff equation. Attention may be es- 
pecially called to the fact that in this cyclical process no opportu- 
nity is offered for the introduction of van Laar’s correction. 

This equation is evidently independent of any dilution-law 
whatever, and of the number of ions into which the electrolyte is 
dissociated. If the electrolyte breaks up to an extent a into x 
ions, z= 1 -+ (z—1)a, whence follows : 


re ot 


pralit(e—tia ]— + (n—1)%. 


Now if the electrolyte follows the dilution-law 


where v may have any value, then we obtain, by differentiation, 


da_s-s- a(1—@) @diog K _ (v—1)a(1—a) dlogs 


dT v—(v—t1)a aT ¥—(v%—r1)a dT 


By substitution of this value in equation (6) we obtain 





L Ds oh tated! a oes 4 n—1)a(1—a)dlog K 
RT” v—(v—n1)e v—(v—i)a ‘: Je 


-(7) 


This equation is rigidly exact and general ; in it it is presup- 
posed only that the electrolyte follows some exponential dilution- 
law of the assumed form. 

In the two limiting cases where a= 1, and a=o, the equa- 
tion becomes simplified to 

£L _xndiogs oils L _diogs 

=: 60—lti“<“‘i eC = “a” 
as the theory requires. In general, however, in the calculation 
of the heat of solution, a knowledge not only of the temperature- 
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change of the solubility, but also of that of the dissociation-con- 
stant, is necessary. The latter change has in the case of most 
electrolytes been shown to be so small that for practical purposes 
the last member may ordinarily be neglected without a large 
error, a simplification which is permissible especially in the case 
of very weakly and very strongly dissociated electrolytes, for the 
coefficients of d log A’: dT disappear when a approaches zero or 
unity. 

We will now consider two special cases : first, where the elec- 
trolyte is di-ionic and follows the theoretical (Ostwald) dilution- 
law, where it is, for example, a weak acid or base ; and second, 
where the electrolyte is di-ionic and follows the empirical (van’t 
Hoff) dilution-law, where it is, for example, a salt. In both 
cases 7 = 2; in the first case vy = 2, and in the second v = 3. 
By substituting these values in equation (7) and omitting the 
last member we obtain 





LL. & fies <= 
na 2 ae when Vv = 2, o+eeee (8) 
and fe = iret es when v = $. ..++++(Q) 


RT* 3—a aT 

The first formula is identical with that obtained by van Laar; 

the second is, however, essentially different from his, which 
reads 


EE 3. @ logs 


i * aT eececeeeveeess(IO) 





3. COMPARISON OF THE CALCULATED AND THE OBSERVED 
HEATS OF SOLUTION. 


In the following tables the results of the calculation of the 
heats of solution according to the three formulas (8), (9), and 
(10), given above, are placed together beside the experimentally 
found values for the four substances used by van Laar. Only 


those values in the next to the last column are calculated by 


me; the rest are those of van Laar. 


1 These values were obtained from those of van Laar in the preceding column by 


‘ 3 . 3+a . P 

multiplication by oA, The values of a used are those derived by van Laar from 
3 

conductivity measurements ; namely, for silver acetate, 0.713; for silver propionate 


0.744 ; for silver isobutyrate, 0.718 ; and for o-nitrobenzoic acid, 0.303. 
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HEATS OF SOLUTION. 


Ostwald’s Van’t Hoff’s dilution-law 

dilution-law assumed, Experi- 

assumed. Calculated Calculated mentally 

Calculated by (8). by (10). by (9). found. 
Silver acetate ..---+++..- 4369 3688 4562 4613 
Silver propionate .....-.. 3789 3148 3928 3980 
Silver isobutyrate....... 2715 2289 2836 2860 
o-Nitrobenzoic acid.....- 7167 6766 7449 7083 


From the fact that the values in the first column of numbers, 
which were obtained with the help of the Ostwald law, agree 
much more closely with the experimental values than do those 
of the second column, which were calculated by means of van’t 
Hoff's dilution-law and the equation of van ’t Hoff as corrected 
by van Laar, van Laar concluded that salts in reality follow 
Ostwald’s dilution-law, and not van’t Hoff’s, as is to be inferred 
from the conductivity ; in other words, the conductivity gives, 
according to him, incorrect values of the dissociation. Further 
support of this latter assumption he finds in the fact that in the 
case of the three salts, even the values calculated with the help 
of Ostwald’s law differ from the experimental ones by several 
per cent. But I have proved above, as I believe, that the equa- 
tion of van Laar, inthe deduction of which van’t Hoff’s dilution- 
law was presupposed, is incorrect, and that the true expression 
is equation (9). If one is to decide between the two dilution- 
laws, the values of the first and ¢hzvd columns of numbers must, 
therefore, be compared with those of the fourth. This compari- 
son shows now just the opposite result ; in the case of the three 
salts, the values deduced from van ’t Hoff’s law agree almost 
completely (within 0.8 or 1.3 per cent.) with the actual ones, 
while those from Ostwald’s law deviate by about five per cent. 
Moreover, it is especially worthy of note that the nitrobenzoic 
acid, which, like all weak acids, follows Ostwald’s law, possesses 
a heat of solution which is in accord with the assumption of the 
validity of this law, but which is not consistent with van ’t 
Hoff’s law. The results are therefore in perfect agreement with 
the usual assumptions based on conductivity in regard to the 
dissociation of the substances in question, and not only is the 
argument of van Laar refuted, but at the same time a new proof 
is furnished of the validity of van ’t Hoff’s dilution-law in the 
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case of salts, and of the reliability of the dissociation-values 
determined from conductivity measurements. 


4. ELECTRICAL CONDUCTIVITY AND INVERSION-VELOCITY IN 
MIXTURES OF WATER AND ALCOHOL. 


Van Laar finds a further proof of his view in the fact that the 
rate of inversion of sugar by hydrochloric acid, in mixtures of 
alcohol and water, is essentially different from that in pure 
water, although according to Cohen’ the degree of dissociation 
of the acid, as determined by its conductivity in the two solvents, 
is the same. Cohen’ also considers this fact as leading to the 
conclusion that ‘‘in solutions in mixtures of water and alcohol 
the electrical conductivity is not an entirely correct measure of 
the degree of dissociation.’’ 

It is remarkable that this conclusion has been drawn by two 
separate investigators ; for it appears to me obviously unjusti- 
fied. Even if the concentrations of the hydrogen ions are the 
same, it is by no means to be expected that the rates of inversion 
in the different solvents would be equal. For, aside from the 
fact that the catalytic activity of the hydrogen ions. is not neces- 
sarily constant, it is clear that the concentration of one of the 
reacting substances, the water, undergoes a change; and it 
would be indeed remarkable if this change had no influence on 
the rate of inversion. It is not improbable that the ions of the 
water play an important part in the hydrolysis of the sugar, and 
it has been shown by Lowenherz’ that the addition of alcohol 
considerably reduces the dissociation of water. It is therefore en- 
tirely inadmissible to ascribe to the inversion results such a sig- 
nificance as van Laar and Cohen do. 


5. VAN LAAR’S ‘‘ EXPLANATION OF THE DEVIATIONS FROM 
OSTWALD’S LAW.’’ 


It seems superfluous to discuss the hypothesis of van Laar on 
the cause of the incorrectness of the dissociation-values derived 
from the conductivity, since, from what has been said above, 
no reason exists to doubt their correctness. A remark in regard 


1 Ztschr. phys. Chem., 25, 41. 
2 Ibid., p. 44. 
8 Jbid., 20, 294. 
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to it may be, however, not without interest. If I correctly 
understand his hypothesis, its essential feature is that the Joule 
heat-effect which is continuously produced by the current dur- 
ing the measurement of the conductivity, causes a localized 
increase of temperature around the ions, as a result of which the 
dissociation is temporarily changed. Against this hypothesis, 
however, there exists the following fatal objection : if the disso- 
ciation and conductivity are affected by the heat produced by 
the current, then the observed values of these would depend on 
the strength of the current employed, which is known not to be 
the case. 


6. EXISTING DETERMINATIONS OF THE DISSOCIATION BY INDE- 
PENDENT METHODS. 


In his article, van Laar pays no attention to previously pub- 
lished experiments which bear upon the reliability of the con- 
ductivity method of determining dissociation; yet certain in- 
vestigations have been carried out, the purpose of which was to 
answer this very question. Inthe first place may be considered 
the recent investigations of Jones,’ Loomis,’ Abegg,’® and 
Raoult,* on the lowering of the freezing-point of water by 
cerium salts. Of these the two salts, potassium chloride and 
sodium chloride, have been most carefully studied, for the 
lowerings of freezing-point caused by them have been determined 
by all four of the mentioned investigators. 

In order to show now the extent of the agreement of the 
values with one another and with the results of the conductivity 
method, I have brought together in the following table the calcu- 
lated dissociation-values for the concentrations 0.01 to 0.1 
normal. In the calculations from the freezing-point lowerings 
1.85° was assumed as the molecular lowering of water.” The 
conductivity determinations of Kohlrausch were made use of in 
calculating the dissociation-values by this method. 


1 Zischr. phys. Chem., t1, 110, §29; 12, 623. 
2 Wied. Ann., 51, 500; 57, 495- 

8 Zischr. phys. Chem., 20, 207. 

4 Compt. rend., 124, 885 ; 125, 751. 

5 Compare Abegg : Wied. Ann., 64, 499. 
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DISSOCIATION-VALUES. 


Potassium chloride. Sodium chloride. 


ro 

° s s 
e.. = a 
-~¢ 4 2 
2 w Z 3 n . E 
sk & 2 2° -s * «a 2 &£: Se 
001 95 95 96 ++ 95-3 94-4 oF. WD 0G - 99-7 93-7 
0.03 92 90 90 91 90.8 gI.I 92 93 92 97 93.5 89.6 
0.05 90 89 88 88 88.8 89.1 go gI 92 93 9gI-5 87.3 
0.10 87 86 .- 85 86.0 86.2 88 88 88 89 88.2 84.2 


It is seen that, in the case of potassium chloride, the four 
separate values by the freezing-point method agree well with 
one another, and the averages of them are almost identical with 
the dissociation-values calculated from Kohlrausch’s conduc- 
tivity measurements. In the case of sodium chloride, however, 
the agreement between the freezing-point results of the separate 
observers is not so complete, and their averages are about four 
per cent. higher than the values to which the conductivity leads. 
Whether this latter result arises from a constant error in the 
freezing-point determinations or from a theoretical inaccuracy in 
one of the two methods, can not, of course, be determined at 
present. In view of this fact it must be admitted, to be sure, 
that these freezing-point measurements do not contribute much 
towards answering the question regarding the reliability of the 
conductivity method. Nevertheless a certain significance is to 
be attributed to the close agreement in the case of the potassium 
chloride, the best investigated salt. 

In another way, however, more decisive evidence of the relia- 
bility of that method has been furnished. From the phe- 
nomenon of solubility effect it is possible to determine dissocia- 
tion-values, and experiments of Noyes and Abbot’ have shown 
that the values so determined in the case of certain thallium 
salts are in accordance with those derived from the conductivity. 
For details reference is made to the original article; but the 
final results may be presented here. The first two columns of 
figures in the following table show the dissociation-values which 
were calculated from independent solubility experiments with 
two pairs of salts. The last column contains the corresponding 
dissociation-values, which were derived from the conductivity. 

1 Zischr. phys. Chem., 16, 136. 
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From solubility experi- From solubility experi- 





s ments. ments. II. From the conductivity. 
OE ciikcssivess 86.5 86.5 86.6 
ss re 86.7 86.6 85.6 
TIBrO,..--...-- 89.9 91.9 89.0 


These entirely distinct methods, freezing-point-lowering and 
solubility-effect, lead therefore to nearly the same dissociation- 
values. That the electrical conductivity furnishes essentially 
correct dissociation-values in the case of di-ionic salts in moder- 
ately dilute solution, is therefore probable. At any rate, more 
weighty reasons than those brought forward by van Laar must 
be discovered before this method should be discredited. 





THE ERROR IN CARBON DETERMINATIONS MADE WITH 
THE USE OF WEIGHED POTASH BULBS. 


By GEORGE AUCHY. 
Received June 2, 1898. 


HE difficulty, or impossibility even, of obtaining good 
carbon results in damp weather has been so often spoken 

of that anything further on the same subject would seem super- 
fluous. Nevertheless the writer ventures a few remarks. In 
determining carbon by the dry combustion method it was found 
that, after the prolong had been in usea few times, a loss of 
moisture occurred as shown by the gain in weight of a potash 
bulb containing strong sulphuric acid, placed after the prolong. 
But it was later discovered that this loss was mainly due to the 
fact of the copper oxide in the preheating furnace being too 
fine and packed in too tightly. With coarser copper oxide, and 
a consequently easier passage of gas and air, and therefore less 
force and speed in aspiration, the amount of moisture lost from 
the prolong was much lessened, and the increase in the loss very 
steady and gradual so that a determination of it by means of a 
sulphuric acid bulb' would only be necessary once in a while, 
and might be altogether dispensed with by a frequent change 
in the calcium chloride of the prolong. This agrees with Dr. 
Drown’s experience who found by many trials that the prolong 
retained all the moisture passing into it from the potash bulbs ; 
but, while still using the sulphuric acid bulb, some gains in its 


1Or better, a small calcium-chloride tube, as it exposes less surface for the con- 
densation of moisture on a damp day. 
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weight far in excess of that due to the moisture escaping from 
the prolong occurred. These were followed in one or two deter- 
minations afterward by losses of weight sufficiently large to 
make the weight of the bulb a minus quantity. This gain in 
weight could only be attributed to an unusual condensation of 
moisture on the outside surface of the bulbs, and the loss in 
weight to a return to normal conditions in this respect. The 
idea was suggested that the sulphuric bulbs might be made 
useful in measuring and determining the amount of moisture 
condensing on the potash bulbs ; that is, the amount of moisture 
condensing on the sulphuric bulbs, found by subtracting the 
amount of inside moisture gained from the prolong if any, from 
the total gain in weight of the bulbs, might be taken to be the 
amount of moisture also condensing on the potash bulbs, and the 
necessary correction in the weight of the latter could then 
easily be made. But C. B. Dudley somewhere refers to a method 
of overcoming this difficulty of moisture condensation suggested 
by Andrew A. Blair which seemed much easier; this was 
to have an empty potash bulb on the opposite pan of the 
balance when weighing. This method of Blair’s was accord- 
ingly tried, retaining, however, the sulphuric acid bulbs asa 
check. A succession of damp days gave abundant opportunity, 
and it was found that the unusual gains and losses in the weight 
of the sulphuric-acid bulbs still continued to occur. But the 
empty potash bulbs were not of the same type as those to be 
weighed as directed by Blair. The potash bulbs were of the 
Geissler form and the empty bulbs of the Liebig form, for con- 
venience in weighing, since the latter shape leaves the pan 
entirely empty for the weights. As the total surface area of the 
two bulbs was about the same, the difference in shape was 
thought to be of no consequence, but from the results it 
seemed that, either this difference in shape caused a difference 
in moisture condensation ; or the passage of gas, air, and mois- 
ture, through the potash and sulphuric bulbs, caused a slight 
heat which gave a different condensation from that on the 
empty bulbs; or, the condensation of moisture occurred with- 
out rule and uniformity ; that is, might occur on the one set of 
bulbs without occurring also at the same time on the others or 
not to the same degree and vice versa. Tests made by simply 
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as follows: 











































Time of standing. 
Hours. 
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Potash bulbs. 


Per cent. 
—0.007 
—0o.008 
—-0.008 
—0.004 
0.012 
0.039 
—0.014 
0.004 
0.002 
0.000 
0.011 
0.004 
0.008 
0.005 
—0.013 
0.003 
0.026 
0.006 
—0.032 
—0.012 
—0.004 
—o.006 
—0.013 
—0.007 
—o.008 
0.006 
0.000 
—0.023 
0.032 
—0.012 
—o.006 
—0.012 
0.015 
—0.009 


AUCHY. 


allowing all three of the bulbs stand instead of passing gas and 
air through two of them as in a determination seemed to show 
the latter of these theories to be correct. 
seems at times to take place entirely at random, so to speak. 
A condensation on the one bulb does not necessarily mean a 
condensation on the others, and neither the empty bulbs on the 
opposite pan nor the weighed sulphuric-acid bulbs are therefore 
to be depended upon as a means of counteracting, or estimating 
the moisture condensing on the potash bulbs. 


The condensation 


The results were 


Gain or loss of weight in terms of carbon. 
Sulphuric bulbs. 


Per cent. 
—0.014 
—0.007 
—0.006 
—0.00I 
0.012 
0.018 
—0.005 
0.044 
0.005 
—0.002 
0.010 
0.007 
0.006 
—o.008 
—0.00I 
0.014 
0.027 
—0.024 
—0.026 
0.010 
—0o.006 
0.007 
—0o.006 
0.004 
—0.003 
0.015 
0.000 
0.008 
0.026 
—0.004 
0.007 
—0.0I0 
0.029 
—0.010 
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In taking these weights the empty bulbs on the opposite pan 
of the balance were used. 

Provided the sulphuric bulbs be used to estimate the outside 
condensation of moisture, and empty bulbs on the opposite pan be 
also used, what is the error from moisture condensation in a 
determination? To gainsome idea the following tests were made. 
The first column of results givesthe results as they were obtained 
without any correction for moisture condensation and the very 
great source of error broughtinto the process by the use of these 
sulphuric bulbs, if their gain in weight be always attributed solely 
to inside moisture from the prolong, is seen by the results of this 
column. The second column gives the results after being 
corrected for moisture condensation by the indication of the sul- 
phuric-acid bulbs, assuming the moisture condensing on the pot- 
ash bulbs to be just equal to that on the sulphuric bulbs. The 
empty bulbs on the opposite pan were also used. 


Moisture Moisture 


Corrected True re- condensed condensed 

result as sult ob- on sul- on potash 

indicated by tained in phuric bulbs bulbs in 

Apparent sulphuric dry interms terms of 

result. bulbs. weather. Error. ofcarbon. carbon. 

No. Per cent. Per cent. Percent. Percent. Percent. Percent. 
237 0.976 0.904 0.904 0.000 0.036 0.036 
237 0.827 0.927 0.904 0.023 —0.050 —0.027 
264 0.024 0.032 0.031 0.001 —0.005 —0.002 
278 0.953 0.993 0.983 0.010 —0.020 —0.OIO 
27 1.075 0.975 0.983 0.008 0.050 0.027 
1.05 1.096 1.09 1.056! 0.034 0.000 0.039 
1.05 1.106 1.104 1.056 0.048 0.000 0.048 
1.05 1.15 1.033 1.056 0.023 0.058 0.035 
1.05 1.077 1.057 1.056 0.001 0.010 0.010 
1.00 0.94 1.06 1.00 0.060 —0.062 0.002 
0.625 0.641 0.631 0.625 0.006 0.005 0.011 
Dummy 0.024 0.016 0.005 —O.02I 0.020 —0,.003 
" O.III 0.015 0.005 —O.OIO 0.048 0.058 

ee —0.034 0.036 0.005 0.031 0.035 0.004 

e 0.038 0.018 0.005 0.013 0.020 0.023 

a —0.032 0.024 0.005 0.019 0.028 0.009 

7 —O.OII O.OIL 0.001 0.010 —O.OII 0.000 

BI 1.125 1.095 I.10 0.005 0.016 0.010 
238 0.824 0.935 0.905 0.029 —0.055 —0.025 


’ 


In the following the ‘‘ true’’ result was found by taking the 
averages of the corrected results: 


1 Booth, Garrett, and Blair’s result, 1.053. Result by wet method, 1.063. By dry 
method, 1.05. Average, 1.056. 
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Moisture Moisture 


Corrected True re- condensed condensed 
result as sult ob- on sulphuric on potash 
indicated tained bulbsin bulbsin 
Apparent bysulphuric indry terms of terms of 
result. bulbs. weather. Error. carbon. carbon. 
No. Per cent. Per cent. Per cent. Per cent. Percent. Percent. 
284 0.272 0.152 0.163 O.OLI 0.064 0.045 
284 0.117 0.177 0.163 0.014 —0.030 —0o.016 
301 0.18 0.14 0.118 0.022 0.020 0.040 
301 - 0.095 0.137 0.118 0.019 —0.020 —0.003 
301 0.119 0.105 0.118 0.013 0.007 —0.006 
301 0.134 0.09 0.118 0.028 0.022 0.006 
314 0.705 0.805 0.775 0.030 —0.050 —0.020 
314 0.89 0.75 0.775 0.025 0.070 0.045 
295 0.045 0.095 0.087 0.008 —0.025 —0.0OI7 
295 0.135 0.090 0.087 0.003 —0.023 —0.025 
295 0.115 0.055 0.087 0.032 0.030 —O.00I 
295 0.092 0.077 0.087 0.010 0.007 —0.003 


The greatest error is 0.06 percent. though in most of the tests 
it does not exceed 0.03 per cent., which, in high carbon steels 
at least, is for ordinary purposes permissible. But 0.06 per 
cent. is, of course, too great an error. How may it be reduced 
to within reasonable limits? Probably by using smaller bulbs as 
is the custom of Dudley ; or probably by using small soda-lime 
tubes as does Stillman, who in his book, ‘‘ Engineering 
Chemistry,’’ says that ‘‘they are much more convenient and 
less liable to variation in weight.”’ 

The error is, of course, completely eliminated in such methods 
as that of the Pittsburg Testing Laboratory described by 
Handy in this Journal, in which barium hydroxide is the absorb- 
ent; the barium carbonate is filtered off, and the excess of 
hydroxide titrated with standard acid, or, where the carbon 
dioxid is measured, with corrections for pressure, etc. 

In the method described in this article, the question arises, 
why trouble to use the sulphuric bulbs and the empty bulbs in 
the opposite pan of the balance, if the condensation of moisture 
is not at the same occasion equal, nor nearly so in many cases, 
on all the bulbs used ? 

The following comparisons of errors were made. These 
figures are not the results but the errors only. For results (but 
of the sulphuric bulb column only) see the preceding table: 
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Error, using Error, only potash 
No. of deter- sulphuric bulbs. bulbs used, 
mination. Per cent. Per cent. 
237 0.000 0.036 
237 0.023 0.027 
264 0.001 0.002 
278 0.010 0.010 
278 0.008 0.027 
D 0.021 0.003 
D 0.010 0.058 
D 0.031 0.004 
D 0.013 0.023 
D 0.019 0.009 
D 0.010 0.000 
BI 0.005 0.010 
238 0.029 0.025 
284 O.OII 0.045 
284 0.014 0.016 
1.05 0.034 0.039 
1.05 0.048 0.049 
1.05 0.023 0.035 
1.00 0.060 0.003 
0.625 0.006 0.011 
301 0.022 0.040 
301 0.019 0.003 
301 0.013 0.006 
301 0.028 0.006 
314 0.030 0.020 
314 0.025 0.045 
295 0.008 0.017 
295 0.008 0.025 
295 0.032 0.001 
295 0.010 0.003 
1.05 0.001 0.010 


There is no marked difference in favor of the results obtained 
by use of sulphuric bulbs. But in actual work, the errors on 
that side would in many cases be not so extreme, as here indi- 
cated, as the operator could average. For instance, in the ex- 
treme case ‘‘1.00,’’ the error is 0.060 per cent., the condensa- 
tion of moisture on the sulphuric bulb amounting to —o.062 
per cent. Now the operator could not, of course, tell whether 
the condensation on the potash bulb was also —o.062 per cent. 
or nothing at all, or somewhere between. If it also occurs to 
that amount on the potash bulbs, then the true result is 1.06 
percent. If it does not occur at all on the potash bulbs then 
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the result is 1.00 per cent. By averaging he would get a re- 
sult of 1.03 per cent. which would not be more than 0.03 per 
cent. away from the truth in either case, and might be much 
closer than that, so that in this way it is sometimes advanta- 
geous to use the sulphuric bulbs, but whether this advantage 
is sufficient to compensate for the double labor of weighing two 
bulbs is perhaps doubtful. In cases where the condensation is 
on the potash bulbs only as in ‘‘1.05’’, of the first table, and none 
happens on the sulphuric bulbs, there of course the latter are 
of no use whatever and the whole error falls on the result as 
much so as if they had not been used; also if the moisture con- 
densation is confined to the sulphuric bulbs, they are of no avail 
except to introduce an error into the result, not more than 0.030 
per cent. however, although the table shows this to be of infre- 
quent occurrence, both bulbs being usually affected, though 
rarely to the same degree. As before said, the true remedy is 
doubtless in the use of smaller bulbs, or in the substitution of 
soda-lime tubes. 

In getting the dummy result it is obviously better to use a small 
calcium-chloride tube than the potash bulbs; as the dummy 
result, if any, is simply due, if a preheating furnace be used, to 
moisture escaping absorption by the drying train, no potash 
need be used ; and also in determining the moisture escaping the 
prolong, itis better touse the small calcium-chloride tube, making 
several tests. The dummy results in the table show the 
impossibility of getting anything like absolute blanks, or any- 
thing like true blanks by the usual method in very damp 


weather. 


LABORATORY OF THE KEYSTONE SAW WORKS, 
PHILADELPHIA, PA. 


THE CHErISTRY OF CASCARA SAGRADA.' 


By ALFRED R. L. DOHME AND HERMANN ENGELHARDT. 
Received May 22, 1898. 


HE most generally used medicines are most probably laxa- 
tive medicines, and the most generally used laxative 
medicine is most probably cascara sagrada bark. This is due 
to the remarkable property it possesses of being a tonic as well 
as a laxative, and in no less degree to the fact that its action is 





1 Presented by the Special Research Committee at the Forty-Fifth Annnal Meeting 
of the American Pharmaceutical Association, August, 1897. 
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sure and comparatively free from any accompanying unpleasant 
effects. Most persons can use it regularly for years without it 
losing its virtues for their particular case. No drug in the 
pharmacist’s armamentarium has sprung into such sudden 
prominence and has increased in general use to such extent as 
cascara sagrada. Even conservative Europe, and especially 
conservative pharmaceutical Europe, has opened its arms and 
welcomed the ‘‘ sacred bark’’ of the Pacific coast as a worthy 
companion of or possible successor to senna, aloes, or rhubarb. 
The history of cascara sagrada has been told by Prof. J. U. 
Lloyd to this association last year at Montreal, and we will not 
enter upon it here. Quite a number of publications upon the 
drug and its sister drug, buckthorn bark, have been sent us by 
the Chairman of the Special Committee of Research of the 
American Pharmaceutical Association, and we wish to express 
to him our thanks for the willingness with which he undertook 
to procure us copies of the various literature we needed for the 
work. Inasmuch as most of these publications and articles 
were upon the active principle of the drug and methods of iso- 
lating it, and most of them obtained varying results and differ- 
ent compounds, and none of them gave a complete analysis of 
the drug, we concluded to apply to cascara sagrada the system- 
atic method of plant analysis suggested by Parsons and given in 
his book upon plant analysis, as well as in Prescott’s ‘‘Organic 
Analysis.’’ The result of this proximate analysis of cascara 
sagrada we will hence give first, giving the detail of the work 
on the glucoside afterwards. 

The cascara sagrada bark used in the investigation was a 
typical specimen with a light gray cork layer on the outside and 
a yellowish brown cortical parenchyma layer on the inside. It 
was gathered in Oregon, and was somewhat less than one year 
old. It was in thin quills, and markedly bitter when chewed 
for a few minutes. It was powdered to a number eighty powder 
and then possessed in that form a yellowish brown color. In 
cross-section under the microscope it appeared as given in the 
accompanying sketch. 

I. DETERMINATION OF MOISTURE. 


Weighed quantities of the air-dried powder were carefully 
heated in an air-bath at 110° C. to constant weight, and as the 





539 ALFRED R. L. DOHME AND HERMANN ENGELHARDT. 


mean of six determinations we found that it contained 8.3 per 
cent. of moisture. Its color was not perceptibly altered by the 
repeated heating at this temperature. 
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CROSS-SECTION OF CASCARA SAGRADA BARK. 


x, 100 diam. ; &, cork cells ; cp, cortical parenchyma ; 7”, stone cells ; 3, bast fibers ; 
mr, medullary rays; /, libriform. 


II. DETERMINATION OF ASH. 


Weighed quantities of the air-dried powder were carefully 
incinerated in a platinum dish and finally heated to a bright red 
heat over a Bunsen burner to constant weight. As the mean of 
five determinations, the ash was found to represent seven per 
cent. of the drug, the analysis varying between 6.9 and 7.05 per 
cent. as extremes. The bark is very difficult to incinerate, as 
it carbonizes very easily and then cakes, requiring repeated 
turning and long-continued heating to finally get it all reduced 
to a uniform gray color. A qualitative analysis of the ash 
showed the presence of sodium, potassium, and aluminum, with 
traces of calcium and iron, together with silicic acid and traces 
of hydrochloric and sulphuric acids. 


III. CHLOROFORM EXTRACT. 


Although Parsons recommends the use of kerosene to extract 
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the oils, wax, fat, etc., we found that chloroform answered fully 
as well. The drug was extracted for five hours in a specially 
devised apparatus which we constructed, and which is especially 
adapted to the extraction of large quantities of drug, and is more 
expeditious than the Soxhlet or Fltickiger apparatus. The 
apparatus is given below. 








ss 


DRUG EXTRACTION APPARATUS. 





A is a Liebig’s condenser; B is a cork stopper closing head of apparatus C and con- 
necting the condenser with it; Cis the head of the apparatus, which is round like a 
still and attached to the body of the same bya series of clamps D joined by asbestos 
E; Fare perforated tin plates containing drug and resting upon holders G on the in- 
side of the apparatus : His a jacket around the apparatus into which cold, warm, or hot 
water can be let as wanted; /is a similar jacket for bottom of apparatus with inlet / 
and outlet A; Lis the stop-cock of the apparatus; Misa funnel-shaped termination of 
the body of the apparatus, itself terminating in the stop-cockedtube Z; Pisa cross-sec- 
tion of one of the perforated plates which have a round piece of filter-paper over all the 
perforations, and the drug then placed on this. 


To operate the apparatus, which is air-tight, charge all the 
plates, or as many as areneeded, with the powdered drug. Pour 
the menstruum into the apparatus through the condenser tube 
of A, until enough has been added to saturate all the drug and 
to fill the funnel 47 half full. Then apply a Bunsen burner to 
the jacket /, thus causing the menstruum here to evaporate and 
pass up through the apparatus and be condensed in 4 and drop 
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back into the apparatus. If it is a volatile menstruum, the 
jacket H can be supplied with cold water to aid in its condensa- 
tion; but if, on the other hand, the menstruum is vaporized 
with difficulty, warm or hot water can be passed into the jacket 
fT to facilitate the volatilization of the same and prevent its 
recondensation before reaching the condenser 4. After heating 
the jacket /, and continuing the extraction for half an hour or 
more, pass cold water into the jacket /, when all the menstruum 
in the apparatus will be drawn down into the funnel 1/7, whence 
it can be drawn by the stop-cock Z. Fresh menstruum is then 
added as before, and the process repeated until the extract drawn 
from the stop-cock is colorless. 


VOLATILE OIL. 


The result of the extraction with chloroform was a dark 
greenish brown oil of a pronounced odor, reminding strongly of 
the drug. The yield was 7.5 per cent. of the air-dried drug. 
We supposed from the pronounced odor that a volatile oil was 
contained in this extract, and were not mistaken in our conjec- 
ture, aS we found upon treating the extract with steam that a 
yellowish green oil passed over with some of the chloroform. 
This oil was separated from the chloroform, in which it is solu- 
ble with very great difficulty, and after redistillation in a 
vacuum was obtained comparatively pure, but in very small 
quantity. It is extremely volatile, and possesses, to a marked 
degree, the characteristic odor of cascara sagrada bark, which 
hence in all probability derives its odor therefrom. Too little 
of it was obtained for an analysis, and efforts to saponify it 
proved fruitless on account of its volatility and the fact that 
when treated in a sealed tube with saponifying agents it was 
completely resinified. 


FIXED OIL. 


The oil remaining in the distilling flask after all the volatile 
products had been driven off by steam, was again heated with 
water, and the latter drawn off and tested for alkaloids with 
potassium mercuric iodide. As no precipitate was obtained, no 
alkaloids were extracted by the chloroform. Treatment of the 
aqueous solution with basic lead acetate gave no precipitate, 
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showing absence of glucosides. It was then warmed slightly 
with dilute sulphuric acid to recover possibly present free alka- 
loids, but the effort resulted negatively also. It was then boiled 
with caustic potash to saponify the fixed oil, and after a short 
while it was entirely dissolved. After cooling, the solution was 
extracted with ether which left on evaporation a colorless oil. 
This oil soon became solid upon standing. It was recrystallized 
from alcohol and thus obtained in white leaflets melting at 24°- 
26° C. An analysis by combustion with copper oxide in a 
stream of oxygen, by the open tube method, gave the following 
results : 

I. 0.107 gram substance gave 0.3024 gram CO, and 0.172 
gram H,O. 

II. 0.1315 gram substance gave 0.3715 gram CO, and 0.210 
gram H,O. 


Calculated for Found. 


19H 9,0. z II. 
Per cent. Per cent. Per cent. 
C = 77.42 C = 77.07 C = 77.2 
H = 13.98 H = 14.4 H = 14.5 


The substance is hence one of the numerous possible isomeric 
dodecyl alcohols, probably the normal dodecyl alcohol which 
melts at 24°C. It was found to be quite a difficult matter to 
separate and obtain pure the two fatty acids which are combined 
with the above dodecyl alcohol to make up the fixed oil of 
cascara sagrada. However, we believe our results hardly leave 
any doubt as to their identity. To obtain them, the alkaline 
liquid, which has been extracted with ether to obtain the above 
alcohol, was heated to remove all the ether and then treated 
with hydrochloric acid, which precipitated an oil. This oil soon 
became solid and was then found to melt at 30° C., although all 
efforts to purify it by crystallization from alcohol proved futile. 
The potassium salts of the acids were hence prepared by dissolv- 
ing the substance in caustic potash and then purified by frac- 
tional crystallization from alcohol. As obtained therefrom, it 
crystallized in pearly leaflets and the acid obtained from it 
melted at 57° C. An analysis of the acid potassium salt showed 
it to be a mixture of stearic and palmitic acids. The neutral 
potassium salt was of course obtained when the fatty oil was 
saponified by means of caustic potash, but on treating this 
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with alcohol or water it was converted into the acid salt. The 
analyses follow : 
0.211 gram substance was incinerated and heated to constant 
weight with sulphuric acid and gave 0.032 gram K,SO,,. 
0.178 gram, similarly treated, yielded 0.027 gram K,SO,,. 
Found. 
Per cent. Percent. Percent. 
Calculated for acid potassium palmitate-. K = 7.09 = eeeeee sv eeee 
“ my 8e stearate ... K=643 K=68 K=6.9 
The analyses would indicate that the salt obtained was most 
likely acid potassium palmitate, but the melting-point of the 
free acid at 57° C., which is below that of palmitic acid, 69.2°C.., 
and that of stearic acid, 62° C., indicates that it is very likely a 
mixture of both, as a mixture of several substances nearly 
always tends to lower the melting-point of either. The conclu- 
sion reached is then that the fixed oil of cascara sagrada is a 
mixture of dodecyl palmitate and dodecyl stearate, and we regret 
that we were unable to definitely settle this point, and hope to 
be able to do so during the course of the coming autumn. 


IV. EXTRACT WITH EIGHTY PER CENT. ALCOHOL. 


The residue from the chloroform extract, which had assumed 
a slightly darker color after being dried, was extracted for 
twelve hours with eighty per cent. alcohol. The menstruum 
extracted twenty-seven per cent. of the original air-dried pow- 
der. After distilling off the alcohol, there remained a brown, 
rather hard residue, possessing the characteristic bitter taste of 
cascara sagrada. It was boiled for half an hour with absolute 
alcohol, which dissolved the greater portion of it. The solution 
obtained in absolute alcohol was heated until all the alcohol had 
passed off, and then extracted with warm water and the aqueous 
solution treated with basic lead acetate. The result was a red- 
dish brown precipitate, which we believe consisted of a mixture 
of the lead salt of the glucoside with the lead salts of the tan- 
nates present, inasmuch as the precipitate formed by treating 
the pure glucoside with the same reagent is brick-red in color. 
It was filtered off and stirred up with water while hydrogen sul- 
phide was passed through to remove allthe lead. The lead sul- 
phide was filtered off and the filtrate evaporated to dryness, 
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resulting in a brown amorphous residue which is soluble in 
alcohol, acetone, and ethyl acetate. Recrystallized from any of 
these it forms fine, dark brown needles, but only in small quan- 
tities, the majority separating out again in an amorphous con- 
dition. This is the glucoside of cascara sagrada which we have 
named purshianin, analogously to the glucoside frangulin 
obtained from Rhamnus frangula. That portion of the residue 
from the eighty per cent. alcohol extract found to be insoluble 
in absolute alcohol, was treated with hot water and the resulting 
solution treated similarly with basic lead acetate. The result 
was a dirty yellow precipitate which, after removal of the lead, 
gave a dark brown resinous substance, different in color from 
that obtained from the portion soluble in absolute alcohol. We 
will enter into the details of the work on these glucosides later. 


V. HOT WATER EXTRACT. 


The residue from the absolute alcohol extraction, which had 
now assumed a dark brown color and was practically devoid of 
taste, was macerated for twelve hours with water and then fil- 
tered. The aqueous extract was evaporated to dryness and 
found to represent about 12.3 per cent. of the weight of the 
original air-dried drug. It had a dark brown color and was 
devoid of any taste. The residue from this aqueous extract was 
boiled with dilute sulphuric acid (1: 100) to invert all starches 
present, and the residue filtered off and dried. The amount of 
starches, sugar, etc., so extracted was not determined, but will 
appear in the final résumé of the analysis as difference after 
everything else has been determined. 


VI. DILUTE ALKALI EXTRACT. 


The dried residue from the hot water extraction was treated 
with a half per cent. caustic potash solution, which extracted 21.3 
per cent. of the original powder, including most all of the 
remaining coloring-matter. The residue from this extraction 
was treated with calcium hypochlorite to bleach it, and then 
yielded 16.1 per cent. of practically white cellulose. 

Summed up, these analyses show that cascara sagrada is 
made up as follows: 
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Per cent. 
ee: SEER EEO TE OE Lr Pee re ere Te ee eee 8.3 
TT Ree ail Pe LOTOCONID <0 6% 0-0.0h 00 woe ke 000 esl uke coe 705 
III. Soluble in eighty per cent. alcohol...-+.++++eeeeee 27.5 
RT es Vas Tas ACE UE 6. v.c leis. vnre Glemes'e: tin aime eps anette ee 12:3 
V. Soluble in dilute alkali.......... see e ere ee eens ceeees 21.3 
WI COU GSe 00:6 5.0.0 5:0 0-05 665:.00 90 CO oe be eee NT 6 be Vee bCee 16.1 
VII. By difference, starch, etc---+-e++ cece eeeeeeee cece 7.0 

100.0 


THE GLUCOSIDES OF CASCARA SAGRADA,. 


We next desire to speak in detail of the work we have done 
upon the glucosides of cascara sagrada. The literature on the 
glucosides of buckthorn and cascara sagrada is quite extensive, 
and we will give a general account of what has been done upon 
them by other investigators. Buckthorn bark (Rhamnus fran- 
gula) had been investigated quite considerably before cascara 
sagrada was known and studied. Casselmann,' and later Enz,’ 
worked on buckthorn bark and obtained therefrom citron-yellow 
silky crystals, which were tasteless and odorless, and melted at 
226°C. Their composition was for a long time a matter of dispute 
among chemists, Hesse’ claiming that the formula was C,,H,,O,, 
which was also verified by Faust; but Casselmann set up the 
formula C,H,O, as the result of his analyses. Faust then 
decomposed the substance by treating it with alcoholic hydro- 
chloric acid and discovered that it was a glucoside, as it yielded 
him sugar and an acid which he named frangulinic acid. This 
he obtained in golden yellow crystals, melting at 248°-250° C., 
difficultly soluble in water, chloroform, and benzene, but easily 
soluble in ether and alcohol, as well as in alkalies, in which lat- 
ter it.dissolved with formation of a purple-red color. Later 
investigations showed that this frangulinic acid was the same as 
emodin, which is trioxymethylanthraquinone. According to 
Baeumker’ it is quite an active laxative. Thorpe and Robinson’ 
and Thorpe and Miller’ went into the matter more closely and 


1Casselmann : Ann. Chem. (Liebig), 104, 77. 

2 Enz: Vierteljahr. d. prakt. Pharm., 16, 106. 

8 Hesse : Ann, Chem. (Liebig), 117, 349. 

4 Baeumker : Expert. Beitr. zur Kenntniss der pharm. Wirkung von Frangulasdure, 
Gottingen, 1880. 

5 Thorpe and Robinson : J. Chem. Soc., 57, 38. 

6 Thorpe and Miller : /dzd, 61, 1. 
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determined that the glucoside had the formula C,,H,,0, and was 
split up by acids into emodin and a dextrorotatory sugar, 
which is not glucose, however, but was identified by them as 
Rhamnose. Schwabe’s' work on cascara sagrada is quite exten- 
sive, and he concluded that the active principle is emodin, 
which melts at 254° C., and whose formula he determined to be 
C,,H,,O, + H,O. The cascarin of Le Prince’ is certainly not a 
pure substance, to judge by the description given. 

Summed up, the work done indicates that buckthorn bark 
contains a glucoside frangulin and that this is split up into emo- 
din, which is trioxymethylanthraquinone, and a sugar, Rhamnose 
or isodulcite, and further, that cascara sagrada contains emodin 
but not frangulin. We proceeded as follows in obtaining the 
glucoside of cascara sagrada which had, up to the time of our 
work, not been obtained. The drug was extracted with chloro- 
form to remove fats, etc., and the residue extracted with eighty 
per cent. alcohol, and the resulting extract dried and dissolved 
in hot water. On cooling, some resinous, waxy substance 
separated and was filtered off. The filtrate was treated with 
lead acetate, which produced a yellow precipitate. This was fil- 
tered off and stirred with hot water on a water-bath. As the lead 
tannates are difficultly decomposable by hydrogen sulphide it is ad- 
visable to pass this gas through the suspended precipitate of lead 
salts at a temperature of about 100°C. This was done until on 
shaking the flask, whose mouth was closed by the thumb, the latter 
was raised by the pressure of the gas. The lead sulphide was 
filtered off and the filtrate evaporated to dryness, resulting in a 
dark brown substance which consisted mainly of tannins, as por- 
tions of them dissolved in water gave good inks on treatment 
with ferric salts. This tannate mass appears to be composed of 
several tannins which we did not undertake to investigate, 
reserving that for a later time, should Prof. Trimble not find 
time to undertake the same. The filtrate from the lead tannin 
was treated with basic lead acetate and gave a dark red-brown 
precipitate of lead glucosides. It is not by any means pure, or 
it would be colored more nearly cinnabar-red. The precipitate 
is stirred with hot water in a flask and treated with hydrogen 


1 Schwabe: Archiv. d. Pharm., 226, 569. 
2 Le Prince: Compt. rend., 115, 286. 
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sulphide as before. The filtrate from the lead sulphide on 
evaporation yields a hard, brown-red substance which is very 
difficult to obtain in a crystalline form, as efforts to crystallize it 
from acetone and ethyl! acetate resulted only in our obtaining a 
few dark brown-red needles melting at 237° C., the most of it 
separating out in an amorphous condition. Not sufficient of it 
was obtained to make an analysis, but we could confirm that it 
was not emodin, as it gave no purple color on being treated with 
caustic potash. Itis the glucoside of cascara sagrada which 
has so far eluded capture, and we have named it purshianin as 
already explained, being analogous to the frangulin of buck- 
thorn bark. On heating it with alcoholic hydrochloric acid we 
obtained a sugar and a product which proved to be emodin. 
The product obtained by heating the purshianin with alcoholic 
hydrochloric acid was poured into cold water, when a yellow 
crystalline substance separated out. This was recrystallized 
from ethyl acetate, which proved the best solvent for the pur- 
pose, and separated therefrom in reddish yellow needles melting 
at 254° C. (one lot melted at 265° C.) and producing a blood-red 
color on treatment with caustic alkalies. The crystals were 
dried at 110° C. and appeared to lose some moisture during the 
process, which was not, however, determined. The analysis of 
these reddish yellow needles, dried at 100° C., resulted as 
follows: 

I. 0.257 gram gave 0.6304 gram carbon dioxide and 0.0972 
gram water or 66.9 per cent. carbon and 4.2 per cent. hydrogen. 

II. 0.091 gram gave 0.02330 gram carbon dioxide and 0.032 
gram water or 66.83 per cent. carbon and 3.9 per cent. hydrogen. 


Calculated for Found, 
Se io I. II. 
C =='66.6 C= 66.9 S as 66.83 
H = 3.7 H = 4.2 H = 3.9 


These figures, together with the melting-point 254° C., leave 
little doubt but that the substance in hand was emodin, which 
has also been found to be the active principle of buckthorn bark 
and likely in a measure of rhubarb. The sugar that is formed 
when purshianin is saponified appears to be dextrorotatory and 
non-fermentable, but we have not yet examined it with sufficient 
care to arrive at a definite conclusion as to what itis. It will 
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be necessary to obtain a quantity of it, make its osazone, and 
endeavor to recognize it by the properties and analysis thereof. 
It appears that the glucoside purshianin is certainly one of the 
active principles of the drug as in doses of one-fifth of a grain it 
produces the effects of the drug as far as these affect the bowels. 
Purshianin is tasteless and odorless, and soluble in alcohol, 
ethyl acetate, acetone, alkalies,and hot water. We wish to 
reserve for ourselves its further study, which we hope will bring 
to light wherein the difference between frangulin and purshianin 
lies. Frangulin is an orange-yellow powder melting at 225° C., 
according to Thorpe and Robinson, while we find that pur- 
shianin is a dark brown-red crystalline substance melting at 
237°C. Curiously enough, both are glucosides and yield the same 
substance on being saponified; véz., emodin. The difference 
cannot hence lie in anything but the sugars that are combined 
with the emodin to form the glucosides, or perhaps in the way 
in which these are combined. A fact it is, nevertheless, and 
notwithstanding the above apparent marked similarity, that 
cascara sagrada acts more agreeably and effectively than buck- 
thorn bark, which it haspractically supplanted. It may be pos- 
sible that both of these drugs do actually contain as their active 
principle the identical glucoside, and that the cascara either 
contains more of it or produces a happier result on the patient 
by virtue of its other accompanying constituents. We hope to 
be able to solve this question this autumn, and also to isolate 
the bitter principle of the bark and determine in what way 
magnesia or lime removes or alters the same so as to render the 
preparation free from bitterness. 
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MOLECULAR WEIGHTS OF SOME CARBON COMPOUNDS; 
A FEW WORDS II10RE. 


By C. L. SPEYERS. 
Received May 26, 1898. 


N a short review by Noyes’ of an article by me,” Noyes 
| writes: ‘‘ No discussion of the results is given, however, 
nor is any evidence of their accuracy presented, which is par- 
ticularly unfortunate, since, according to the reviewer’s experi- 
ence, a Beckmann thermometer, which is subjected to considera- 
ble variations of pressure, may give quite unreliable readings, 
owing to the imperfect elasticity of the bulb.”’ 

In regard to the discussion of the results, I would state that 
the measurements made at the boiling-points under ordinary 
pressures need no discussion; such measurements have been 
thoroughly discussed by others. In regard to the measurements 
made under reduced pressure, I would state that I am alto- 
gether at a loss to account for the peculiar results obtained. 
The values given under ‘‘ cor.’’ in my article show that the rise 
in the temperature is, in most cases, probably the rise actually 
caused by the substance dissolved and that the rise is not appre- 
ciably influenced by irregular boiling nor by the very slight 
change in pressure during a set of determinations. 

In regard to an error that might seem to come from the 
imperfect elasticity of the thermometer bulb, I would state that 


1 Rev. Am. Chem. Research, 4, 55 (1898). 
2 7. Phys. Chem., 1, 766 (1897). 
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I had already considered that possibility and came to the con- 
clusion that such an error could not be serious in my measure- 
ments. In the first place, I did not introduce any substance 
until the thermometer was either stationary or changing in such 
a steady way that the change during the solution could be 
accounted for and corrected with very few exceptions, which 
exceptions are readily seen in the high values of their correc- 
tions. These high values are due to the long time needed for 
the solution of the less soluble bodies at low temperatures. 

Moreover, the effect of imperfect elasticity in the bulb of the 
thermometer would seem to be such as to always reduce the rise 
of the mercury, but in many cases the rise is too great. Besides, 
in some cases, the measurements of a whole series are very sat- 
isfactory. 

I do not think that there is any evidence of a disturbance 
coming from the elasticity of the bulb. 

On the other hand, in regard to the imperfect elasticity of 
thermometer bulb in a series of experiments such as Noyes and 
Abbot made,' it is easy to see that imperfect elasticity of the 
bulb might prevent the use of a thermometer like that of 
Beckmann, for in their experiments the thermometer had to 
show, with great precision and throughout a considerable period 
of time, a certain constant temperature, and not a variation of 
temperature throughout a very short time, as it had to do in my 
case. 

Finally I would repeat that my object was to determine the 
molecular weights of carbon compounds at the ordinary tem- 
peratures, 25°-35°, as I stated in the article reviewed, and not 
to determine the effect of temperature on the molecular raising, 
as the reviewer seemed to assume. 


RUTGERS COLLEGE, May 11, 1898. 





NOTE ON DROWN’S [METHOD OF DETERTSIUNING SILICON 
IN STEEL. 


By GEORGE AUCHY. 
Received May 24, 1898. 


N determining silicon in steel by Drown’s method there is some 
reason to believe that sometimes notall the silicon is obtained. 
1 Ztschr. phys. Chem., 23, 56. 
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Says Dr. Dudley :' ‘‘ Our observations point to the view that 
the difficulty of insufficient dehydration is due to the separation 
of iron salts as the sulphuric acid concentrates. These salts 
enclose gelatinous silica, and prevent the dehydrating acid 
from getting at it. Unless great pains are taken, therefore, to 
secure this contact by sufficient stirring, the results will be low.”’ 

In this connection it is perhaps worthy of note that if the 
evaporation be performed with agua regia and sulphuric acid 
instead of with nitric and sulphuric acids (boiled down rapidly 
in a porcelain casserole on a very hot plate, and with a watch- 
glass suspended above casserole by small pieces of bent glass 
rod), the iron salt is kept in solution till the very last moment 
when it suddenly crystallizes out and the fumes of sulphuric acid 
appear, almost at once if the plate be very hot, and very soon 
afterward if not so hot; and it is therefore a reasonable supposi- 
tion that this method of procedure is more favorable to a com- 
plete dehydration of the silica than the usual nitro-sulphuric 
process, in which the iron sulphate begins to separate out long 
before the expulsion of the nitric acid. If the additional pre- 
caution be taken to make a second evaporation before filtering, 
it may in the writer’s opinion be confidently expected that no 
notable amount of silica will escape dehydration. A number of 
tests were made by evaporating the filtrates, in steels containing 
about 0.25 percent. silicon, without getting additional silicon 
more than 0.005 per cent. which is an amount that may be 
ignored in ordinary technical work, on steels of that percentage 
(0.25). A steel which gave 0.122 by one evaporation, gave 
0.126 upon repeating the test and making two evaporations 
before filtering. 

4.6667 grams are taken in a porcelain casserole, and treated 
with fifty cc. of a mixture of 500 cc. of nitric acid (two parts acid 
to three parts water), 300 cc. of strong sulphuric acid, and 200 
cc. of water, equivalent to twenty-five cc. nitric acid (two to 
three), fifteen cc. strong sulphuric acid, and ten cc. water to a 
test. When the steel has dissolved, fifteen cc. of strong hydro- 
chloric acid are added, the watch-glass suspended above the cas- 
serole by three small bent glass rods, and the liquid boiled 
down rapidly, using a very hot iron plate. 

1 This Journal, 19, 106. 
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Very noteworthy is the ease and rapidity with which this 
evaporation is made. Unlike the nitro-sulphuric acid boiling 
down, the boiling proceeds very quietly and without any bump- 
ing and spattering even at the moment of solidification and after, 
so that no attention is required. 

In high carbon steels the silica is brown from undissolved 
carbon which, however, upon ignition immediately burns off. 


I,ABORATORY OF THE KEYSTONE SAW WORKS, 
PHILADELPHIA, Pa. 





NOTE. 


Preparation of Sodium Benzenesulphonate.'\—The directions 
given by Gattermann in his ‘‘ Praxis des organischen Chem- 
ikers’’ are usually so accurate that it seems desirable to call 
attention to a needed alteration in the details of the method for 
preparing sodium benzenesulphonate (p. 217). 

Repeated experiments show that by adding the products of 
sulphonation, when using fuming sulphuric acid (sp. gr. 1.87), 
to three or four times the volume of saturated salt solution, as 
he directs, a sulphonate, containing on an average thirty-seven 
per cent. of sodium chloride, is obtained. 

This contamination may be avoided almost entirely by using 
four volumes of a less concentrated salt solution. One showing 
a specific gravity of 1.151 at 18° gives the best results. 

The advantage of the modified method is seen from the details 
of two preparations, in each of which twenty grams of benzene 
and seventy-five grams of sulphuric acid (sp. gr. 1.87), were 
used. In No. 1, 240 cc. of a saturated salt solution (sp. 
gr. 1.204), in No. 2, 254 cc. of a solution (sp. gr. 1.151), were 
used. The yield of crystals, after filtering through asbestos and 
drying on a porous plate, was : 


Com position, in grams 


No. Yield in grams. C,H;SO,Na. NaCl 
I 75 48.1 26.9 
2 46 45.6 0.4 


With a slight sacrifice in yield a high degree of purity is 
obtained. 
The method outlined by Prof. W. A. Noyes, ‘‘ Organic 


1 Read before the Cincinnati Section, April 15, 1898. 
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Chemistry for the Laboratory,’’ p. 84, is less simple, but gives 
an equally pure product with a loss, however, of about ten per 
cent. in the yield. HENRY W. HOCHSTETTER. 





NOTICE. 


The Organization Committee of the Third International Con- 
gress of Applied Chemistry requests the American chemists 
wishing to send contributions to that Congress, either papers or 
reports of any description, to transmit the full title, together 
with an abstract of the papers, as soon as possible to Prof. Dr. 
F. Strohmer, IV/2 Schonburgstrasse Nr. 6, Wien, Austria. It 
is desired to publish the full program of the papers to be pre- 
sented in the near future, and the American chemists are ear- 
nestly requested to send forward their contributions without 
delay. H. W. WILEY, 

Chairman American Committee. 





NEW BOOKS. 


ANIMAL Fats AND OILs. By Louis EpGAR ANDES. Translated by 
CHARLES SALTER. New York: D. Van Nostrand Co. 1898. xii + 
240 pp. Price $4.00. 

This volume deals with the technology of animal fats and oils, 
and is a valuable work, not only for the student, but also for the 
practical manufacturer of oil and fat products. The first few 
pages, which are devoted to the occurrence, origin, properties, 
and chemical constitution of animal fats, deal briefly with the 
raw materials from which commercial fats and oils are derived, 
and review the chemical structure of these products. The mod- 
ern methods of preparing animal fats and oils in general, are then 
exhaustively described. 

The various forms of machinery for breaking down the raw 
material, the pans and apparatus for melting the fat, the presses 
and filters for separating the oil, are all described in detail with 
the aid of numerous excellent illustrations, some fifty pages 
being given to this part of the subject. The methods of pre- 
paring the various animal fats and oils are then taken up sepa- 
rately, the processes being described fully, beginning with the 
raw material and following it through to the finished product. 
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The properties of the resultant fat or oil are outlined, its uses 
given, and the adulterants frequently found pointed out. 

The various processes of manufacturing the fat products in 
most common use, are described at length, full details being 
given of the different stages through which the raw material is 
taken before the final product is reached. Some thirty pages 
are devoted to the subject of butter, describing the machinery 
used in its manufacture, its characteristic properties, and the 
numerous tests for purity. The manufacture of bone fat, lard, 
tallow, fish oils, degras, and wool fat is also fully considered, 
while numerous other fats and oils but little used are taken up 
with less detail. 

The last pages of the book are devoted to briefly describing 
the methods used in the examination of fats and oils to deter- 
mine their purity. The space given to this part of the work is 
too brief to make it of value’to the analyst. 

The book is printed on heavy paper with clear type and excel- 
lent illustrations. A full table of contents, list of illustrations, 
and complete index makes it a very satisfactory book for per- 
sons interested either theoretically or practically in this subject. 

O. S. DOOLITTLE. 
QUANTITATIVE CHEMICAL ANALYSIS BY ELECTROLYSIS. By DR. ALEX- 

ANDER CLASSEN in Cooperation with DR. WALER LOB, authorized 

translation by WILLIAM HALE HERRICK, A.M., and BERTRAM B. BOLT- 

woop, PH.D. New York: John Wiley & Sons. xii + 301 pp. Price, 
$3.00. 

Starting with the dawn of the present century, the science of 
analysis by electrolysis has made wonderful progress, and within 
the last twenty years the cumulative data have reached large 
proportions. The simplicity, cleanliness, and beauty of most of 
the electrolytic separations, particularly among metals of the sul- 
phide group, have made the subject an especially attractive 
study to many workers. Among the most indefatigable and 
revered of these upon the continent, is the chief author of 
the present work, the sum of whose contributions would make a 
book in themselves. To the student not familiar with or prac- 
ticed in electrolytic reactions, this text-book will prove of great 
assistance, as especial pains have been taken to describe and 
explain those necessary details that are so often neglected. In 
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the first or general part of the book, theory alone is considered, 
the ionic theory of electrolytic dissociation is clearly and con- 
cisely given, and the laws governing it are discussed. In the 
section following are described the various forms of apparatus 
for the measurement of current magnitudes and tension. The 
section on current sources is very complete, the best forms of 
primary and secondary elements being considered in detail, as 
well as numerous physical methods of producing the current. 
The section on accumulators is excellent, and the general rules 
for handling them precise. Numerous examples and tables of 
experiments are given, to illustrate the working of the apparatus 
described. The process of analysis under varying conditions is 
considered in full, and detailed descriptions of special forms of 
apparatus and the arrangements thereof are outlined. While 
the simpler arrangements are not slighted, more attention is 
given to a full description of the equipment of the Electrochem- 
ical Institute at Aachen, under the direction of the author. 
The second general division of the book is devoted to the quan- 
titative determination of the metals, and herein lies the value of 
the work totheanalyst. Nocriticism of the manner of detailing 
the various methods can be made, since all the weak as well as 
the strong points are carefully considered, and the directions are 
not involved. Full references to all the literature to date are 
given. Following this the work ends with an appendix of sev- 
enty pages containing schematic outlines of some applied exam- 
ples of electrochemical analysis. Methods for the analysis of 
brass, bronzes, alloys of different compositions, iron ores, mattes, 
etc., are given. The work has two indexes, one of authors and 
one of subjects, and both are complete. The translators have 
done their work well, and throughout the work make frequent 
notations from their own experience. The illustrations are all 
of a high class. Asa whole the work is commended either as a 
text-book or reference book. W. WALLeEy Davis. 


A MANUAL OF QUANTITATIVE CHEMICAL ANALYSIS. By E. F. Lapp, 
B.S. New York: John Wiley & Sons. vi+82pp. Price $1.00. 
‘*This little manual is intended for the use of beginners in 

quantitative analysis * * * .’’—Pyreface. For this reason 

the methods given should be correct if not elaborate. An ex- 
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amination of the work shows it to contain numerous errors, 
many of which would get the beginner into serious difficulties. 
Yet some of the methods were correctly described by the author 
ten years ago in the Geneva reports. 

It is surprising that the reader for any responsible publishing 
house would recommend the publication of a work containing so 
many manifest errors. H. A. Huston. 


ERRATA. 


In Vol. 19, p. 886, line 9, ‘‘0.30’’ and ‘‘0.22’’ read ‘‘ 0.030’’ 
and ‘‘0.022,’’ respectively; and on the same page, line 11, for 
‘‘9.08’’ and ‘‘ 0.02’’ read ‘‘ 0.008’’ and ‘‘0,.002’’, respectively. 

In Vol. 20, p. 115, line 34, for ““10;2"” read: “*.34-8". 

In Vol. 20, p. 135, line 13, for ‘‘ 16.4’’ read ‘‘ 10.4’’. 

In Vol. 20, p. 465, line 5 from bottom, for ‘‘ from the titra- 
tion’ read ‘‘ private titration.’’ 


BOOKS RECEIVED. 


Potatoes. Bulletin No. 72. Strawberries. -Bulletin No. 73. Kentucky 
Agricultural Experiment Station of the State College of Kentucky, Lex- 
ington, Kentucky, 1898. 

Variety Tests of Fruits. Bulletin No. 52. Concentrated Feed-Stuffs. 
Bulletin No‘ 53. Hatch Experiment Station of the Massachusetts Agri- 
cultural College, Amherst, Mass. 1808. 

Larkspur. Poisoning of Sheep. Bulletin No. 15. Montana Agricul- 
tural Experiment Station, Bozeman, Montana, July, 1897. 

The Periodical Cicada in West Virginia. Bulletin No.50. Commercial 
Fertilizers. Bulletin No. 51. West Virginia Agricultural Experiment 
Station, Morgantown, West Va., January, 1898. 

Memorial of the National Pure Food and Drug Congress to the Con- 
gress of the United States. Copies of this pamphlet can be procured from 
the chairman, Wm. Frear, State College, Pa. 

Sugar Beets. Summary of Investigation from 1888 to 1898. Report for 
1897. Proposed Experiments for 1898. Bulletin No. 56. April, 1898. 
Chemical and Agricultural Divisions, Agricultural Experiment Station, 
Univ. of Minnesota, St. Anthony Park, Ramsey County, Minn. 

Twenty-first Annual Report of the Connecticut Agricultural Experi- 
ment Station for 1897. Part IV. Experimentson Tobacco. Availability 
of Fertilizer. Nitrogen. Commercial Fertilizers for Forcing House 
Crops. Steam Sterilizer for Soils. Composition of Violet Plants and 
Flowers. Insect Notes. Analyses of Feeds, and of Milk and Butter. 
Legumin and other Proteids of Legumin. Proteids of Soy Bean. Feed 





554 BOOKS RECEIVED. 


Tests. Connecticut Agricultural Experiment Station, New Haven, Conn, 

Red Rice. Bulletin No. 50. Second Series. Agricultural Experiment 
Station, Baton Rouge, La. 

Tenth Annual Report of the Storrs Agricultural Experiment Station, 
First Part. A Report of the Executive Committee, Treasurer and Director ; 
A Study of the Rations Fed to Milch Cows; Nitrogenous Feeding Stuffs 
and Formulas for Feeding. Storrs Agricultural Experiment Station, 
Storr, Tolland Co., Conn. 128 pp. 

Insecticides, Their Preparation and Use. Bulletin No. 126, May, 1898, 
Connecticut Agricultural Experiment Station, New Haven,Conun. 12 pp. 

The Cost of Plant Food in Connecticut, Spring months of 1898. Bulle- 
tin No. 127, May, 1898. Connecticut Agricultural Experiment Staton, 
New Haven, Conn. Io pp. 

A Manual of Quantitative Chemical Analysis. By E. F. Ladd, B.S. 
New York: John Wiley & Sons. 1898. vi+82pp. Price, $1.00. 

Bulletin No. 32, Chemical Studies: (1) Drinking Waters; (2) Wool 
Scouring ; (3) Soil Humus; (4) Analysis of Foods; (5) Vinegars. April, 
1898. Fargo, N. D.: Government Agricultural Experiment Station for 
North Dakota. 16 pp. ; 

Jahrbuch der organischen Chemie, unter mitwirkung von B. Rassow, 
Leipzig; C. Schwalbe, Leipzig; H. Stobbe, Leipzig; J. Troeger, Braun- 
schweig; Herausgegeben von Gaetano Minunni, Palermo. Dritter Jahr- 
gang, 1895. Leipzig: Johann Ambrosius Barth. 1898. x-+ 1162 pp. 
Price, M. 30. 

A Preliminary Report upon the Bluff and Mississippi Alluvial Lands of 
Louisiana. By W. W. Clendenin, M.S., M.A. Louisiana State Experi- 
ment Station, Baton Rouge, La. 32 pp. 

Cattle Tick and Texas Fever. Second Series, No. 51, Bulletin of the 
Agricultural Experiment Station of Louisiana State University and A. 
and M. College, Baton Rouge, La. 1898. 54 pp. 

Division of Soils. By Milton Whitney. Reprint from the Yearbook 
of the Department of Agriculture for 1897. 16 pp. Washington, D. C.; 
Department of Agriculture. 

Commercial Fertilizers. By H. A. Huston. Special Bulletin. May, 
1898. Purdue University, H. A. Huston, Lafayette, Ind. 8 pp. 

Some Interesting Soil Problems. By Milton Whitney. Reprint from 
Yearbook of Department of Agriculture for 1897. 12 pp. 

Nutrition Investigations in Pittsburg, Pa., 1894-1896. By Isabel Bevier, 
Bulletin No. 52, U. S. Department of Agriculture, Washington, D.C. 








